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INAUGURAL ADDRESS 

BT THE PRESIDENT, 

Mr. G. B. GOODFELLOW, M.I.M.E. 

READ SATURDAY, 9th JANUARY, 1892. 



Gentlemen. 

I have already bad a slight opportunity of thanking you 
for electing me, and I now formerly thank you one and all 
most heartily for the honour you have conferred upon me by 
electing me to preside over the working of this Association 
for the current year. I do not wish you to listen to these 
words as being mere figures of speech and such as are looked 
upon simply as the proper things to say on such occasions, 
for I assure you that when I was asked to stand for election, 
I feared I could not successfully follow the gentlemen who 
have preceded me in this office during the few years I have 
had the pleasure of being connected with this Association, and 
I could not have accepted the position if I had not felt that I 
was in duty bound to do so after being honoured by your invita- 
tion to occupy the chief position in one of the most important 
Technical Associations in this country. 

To my mind this Association is very quickly approaching in 
importance its big brother " The Institution of Mechanical 
Engineers," for there is no doubt that Manchester as the chief 
business centre of this part of the country, is possessed of more 
varied branches of Engineering than any other central town in 
the British Isles, and as our members are among the leading and 
most practical lights of the Manchester district, I do not think 
I shall be considered egotistical when saying that we constitute 
one of the principal Associations of the world ; you can therefore 
now understand why I feel it so great an honour to preside over 
it and why I consider it an honour to be looked upon as an 
engineer. 
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I am afraid we are rather too apt to think of engineers as 
men who are occupied in the working of metals into some kind 
of mechanism, and not sufficiently as men who devote their 
lives and skill to the construction of any kind of useful work ; 
we should not take this narrow view of the title, for the work of 
the engineer was called to the assistance of this country before 
the use of metals was well understood, and before tools and 
machinery were invented which would successfully deal with 
them. 

In order to really establish the importance of the engineer we 
must go some hundreds of years back, and so find that the 
engineer is the former or maker of the world, but matters in this 
country will be sufficiently large for me to deal with to-night. 

At the beginning of the 16th Century this country must have 
been a very uninviting place, for in different parts of it were 
large tracts of marsh land which were quite unfit for human 
beings or cattle to live upon. Among these were Komney 
Marsh, the Lincolnshire Fens, and the Thames valley. It is 
rather unpleasant to find that it was a Dutch engineer, named 
Vermuyden, who first showed us how to treat these lands 
by a system of drainage (if it had been a Frenchman I 
should have said it was Gaulingj; the work of this Dutch- 
man seems to have stirred our forefathers into a more active 
state of things, for up to this time the progress of the country 
had been very slow, and the inhabitants were content to 
live easily and partake of the good things of this life when 
they could get them, but as these wet unhealthy districts 
were improved the population gradually wakened up to the new 
state of things ; the energies and powers of application which 
are always stored up in good Englishmen were found, and these 
qualities coupled with a naturally rich country caused a com- 
mencement of a development which during two or three hundred 
years has been simply marvellous. 

Our Island has always been noted for its ample allowance of 
moisture, and this was the principle element which we had 
to overcome in its early stages, and it was in these battles 
that the first skill of the Engineers was required, who turned 
the fierce and stubborn enemy, water, into a useful and 
powerful friend by leading it through channels as required} to 
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act as a motive power for driving machinery, supplying towns, 
canals, &c. 

Most of us have noticed in travelling south the large tracts of 
land in the midland counties often under water, all this which 
extends through Lincolnshire, Huntingdon, Cambridge and 
Norfolk, or for an extent of about 65 miles long, by about 25 
miles wide, which used to be a useless swamp or a series of 
fens, and was known as the Great Level of the Fens. It is 
peculiar to note that this low lying district is about opposite 
to a very similar one in Holland. This vast fen area of 
about 1,600 to 1,700 square miles was a kind of inland 
sea in winter and a pestilential pond in summer, and evidences 
in the way of ships' timbers have been found in the river 
at Lincoln, showing that some time there has been sufficient 
water to float ships up the river. About the time that a great 
deal of this fen work was proceeding the Eiver Thames was 
gradually being controlled, but in consequence of troubles 
between Church and State the works and embankments were so 
much neglected that the water broke through in several places, 
and it was at or about this time that James I. took such an 
interest in the works that matters were soon put into shape, 
and drainage schemes were carried out in many parts of the 
Country from the Thames in the South, North Yorkshire, 
Devonshire on the West, and Lincolnshire on the East. 

But even in these remote times we find that the engineer 
suffered from the objections of the people to anything new quite 
as much as at the present day, for during the time that Cromwell 
led the Country disturbances were commenced which ended in 
riots, and a general demolition of the works and embankments 
which had been constructed with so much expense and persever- 
ance, so that the country was again allowed to be drowned. It 
was not until about the middle of the 17th century that the Duke 
of Bedford had Parliamentary powers granted which allowed him 
to proceed with the restoration of the work, but it was then 
found that there was such a strong feeling amongst the general 
population against the undertaking that it was impossible to 
obtain labour to carry out the work ; this difficulty was partially 
overcome by setting to work about 1,000 of the Scotch prisoners 
taken at Dunbar, and in course of three or four years matters 
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of brick," but this scheme was not carried out, and for 
some years nothing was done to prevent the Londoners 
enjoying Thames water. While all these difficulties were 
being experienced in London, Plymouth was undergoing 
similar sufferings, and our then distinguished Admiral Sir 
Francis Drake obtained an Act of Parliament in 1587, to supply 
water to the inhabitants of Plymouth. This work was nothing 
more than a good trench cut along the hill sides and across one 
small aqueduct, but some ingenuity had to be exercised in getting 
the requisite inclination, for although the distance the water was 
conveyed was only about 7 miles in a straight line, the trench 
itself measured upwards of 24 miles. Although there might not 
be a large amount of engineering skill displayed in carrying out 
this work, Sir Francis Drake showed a great amount of pluck 
and confidence, for he provided all the money for carrying out 
the work, except £200 which was found by the Corporation of 
Plymouth, and completed his work in 1591. 

During all this time London was still enjoying the Thames 
liquid, and it was not until early in the 17th Century that Hugh 
Middleton, who was not an engineer but a goldsmith, came for- 
ward to help the Londoners from being poisoned. At this time 
the population of London only numbered about 150,000, in fact, 
consisted of little more than what is now called the city; there 
were not any buildings east of Aldgate, north of Cripplegate, or 
west of Smithfield, there were only a few thatched cottages in 
the Strand the river coming almost up to them, where the boats 
were moored at the waters edge ; Holborn, Clerkenwell, Finsbury, 
St. Pancras, St. Martins, St. Giles, &c, were little country spots 
dotted round the city. Here again came forward the usual 
feeling of opposition to anything new, and farmers and land- 
owners with many more opposed the making of the conduit 
from near Ware in Hertfordshire to London, but this man who 
may now be styled an engineer, perseveringly fought his way 
along until he so nearly completed his scheme, that he obtained 
the assistance of King James I, who entered into an agreement 
with him which enabled him to complete his work of about 
88 miles of waterway by Michaelmas 1618. The works were 
called the New River, and the water was brought into London. 
Amidst great rejoicings this work was gradually matured. 
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The water was conveyed to the houses and different parts of the 
City chiefly in wooden pipes. During this time Sir Hugh 
Middleton (for the King had knighted him) was gradually 
disposing of parts of his interest in the undertaking, and the 
Shareholders of the New River Company were incorporated 
under letters patent on the 21st June, 1619. As near as I can 
find the valuo of the shares at this time was £250 each, but as 
the next 17 years only brought in about £18 per share in 
dividends it was looked upon as a very poor undertaking. I 
forgot to say that when James I. made his arrangements with 
Middleton he stipulated to hold half the property which seems 
to have descended to Charles I., but as the profits were extremely 
small and the property had to be maintained it became necessary 
to call up additional capital. This seemed to be inconvenient to 
Charles, who I have no doubt required all his spare cash, for at 
this time he granted his half of the property to the Company in 
consideration of a rent or return of £500 per annum, which I 
believe is still paid by the New River Company to the Exchequer. 
Notwithstanding this unfortunate commencement of the Com- 
pany prosperity set in at this time, and by the end of the 17th 
century the dividend was about £200 per share, and a century 
later about £500 ; it might be somewhat dangerous to speculate 
as to what the present dividend is, but the shares are so valuable 
that they are occasionally dealt in by fractions. 

Sir Hugh was not yet tired of his work for he was soon busy 
again in reclaiming land, coal mining as well as silver and lead 
mining. He was at length made into a Baronet, and died in 
1681 at the age of 76 years. 

Leaving water for a while we will get on land and have a 
look at the roads and the modes of travelling. The roads, if 
such they could be called, up to the sixteenth century were 
mostly made by the people and horses treading them down. 
In some cases they were hollowed below the rest of the ground, 
so that in the winter or bad weather they were almost impassable 
for either man or beast (vehicles or carriages were not yet heard 
of) ; even the streets in the city of London were often too bad 
to get along unless on horseback. The Romans seem to have 
had a better way of making their roads t but they were not copied 
iy the early English. Up to about 1550 all travelling seems to 
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have been done on horseback, except when mules and donkeys 
were used, and where the people were too poor and had to walk, 
but these latter seldom went far from home, and many of us must 
know of instances where country people never went far out of 
their own valleys until railways came to put most things on a 
level. In the times I was speaking of, kings and queens had to 
ride, judges rode their circuit in jack-boots, gentlemen and 
robbers rode, and occasionally there was a most unpleasant 
mixture on the road ; in fact, the road was a most dangerous 
place in many ways. Queen Elizabeth was often on horseback 
for long distances at a time, but when she entered the city she 
rode on a pillion at the back of her Lord Chancellor. After a 
time she was provided with a coach, which from the description 
of it I should imagine was more like a farm lurry than a 
carriage. These lumbering carriages were first of all only used 
on state occasions, for in fact they were so uncomfortable and 
slow, the roads so wretchedly bad, that I should say it was more 
a matter of pride than comfort that induced any one ever to ride 
in them. In 1583 Sir Henry Sidney entered Shrewsbury in 
his coach, with a trumpeter blowing, and we are told it was a 
sight very beautiful to behold. After this coaches became more 
common, but in many cases great delays occurred by reason of 
accident on the road, and often juries and counsel were kept 
waiting for judges on circuit, and they often imposed fines upon 
districts where their thumpings and bumpings made them aware 
that the roads were worse than usual. In those days a coach 
could travel 10 to 15 miles per day, provided there were no 
accidents. What would some of us think if we had to go back 
to these times, seeing that we now grumble if being five or ten 
minutes beyond our allotted time in going about 200 miles in 
about five hours ? 

The stage-coach was now beginning to make rapid progress 
towards more general favour, but there was nothing of the kind 
travelling to Lancashire, Yorkshire or Cheshire, until the latter 
end of the 17th century ; afterwards there was one from Leeds 
and York which performed the journey of 24 miles in eight 
hours, and it is said of the drivers of the coaches that they were 
"seldom sober, never civil and always late." In 1668, one 
Edward Parker, who had ridden from Preston to London, wrote 
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closely, and when they are there they must be in the mode, have all 
the new fashions, go to the plays, balls, and treats, where they 
get sueh a habit of jollity and a love of gaiety and pleasure that 
nothing afterwards in the country will suit, and they must have 
all from London, whatever it costs." I think this poor man 
must not have claimed the Dunmow flitch, and it appears that 
our weaker vessels are constituted pretty much as they were 
200 years ago. Before I close the coach it may interest some 
of you to know that, in the year 1700, York was one week's 
journey from London, Tunbridge Wells, now only an hour, took 
two days, and so on. The Flying Coach to Exeter arrived at 
its journey's end on the fifth night, and, so late as in 1768, it 
took a fortnight to get from London to Edinburgh. So much 
for the conveyance of passengers. 

There was now some trade being done, not so much in the 
Lancashire cotton districts as in the Yorkshire woollen districts 
and Cheshire silk districts, and the whole of this produce had 
to be carried by horses with packs on their backs. A great deal 
of it came to Manchester as a commercial centre, but the roads 
were in such a frightful state that the task was both arduous 
and dangerous. 

It was not until past the middle of last century that any 
serious attention was given to road- making, and as a profession 
it was quite unknown. The few men of eminence as engineers 
considered road-making as beneath their notice, and it was not 
at the time thought that Smeaton added to his reputation by 
condescending to make the road across the valley of the Trent 
in 1768. Boad-making was generally left to anyone who 
cared to pitch rubbish into the ruts, to be crushed into shape by 
passing vehicles, until John Metcalf, a blind man of no trade, 
commenced the work scientifically and constructed about 200 
miles of first rate roads, and thereby showed himself to be a 
great engineer and one of the most wonderful men this country 
has ever seen. 

He was born in Enaresborough in 1717, and when six years 
old lost his sight by a severe attack of smallpox ; strange to 
say this loss did not deprive the boy of his exercise, for he was 
not only one of the most active but most daring amongst his 
companions ; while bird-nesting he would climb the worst treed 



President's inaugural address. ii 

and drove it for the public convenience, but his example was 
soon followed by others, so he next brought fish to Leeds and 
Harrogate, but this venture was unsuccessful and he lost his 
hard earnings and took to the fiddle again. 

In 1745 he was engaged by William Thornton, Esq., of 
Thorn ville Royal, to collect a company of volunteers to join the 
King's forces and take part in the Rebellion; in two days he 
collected 140 men, out of which 64 were drafted as the intended 
number of the Company, and blind Jack played a march on his 
fiddle as he marched some distance in front of them, dressed in 
blue and buff. He spent some time with the soldiers and ran 
many risks in seeking in the enemy's camp for lost officers, and 
proceeded as far north as Aberdeen with the army. This visit 
showed him something new, for the clothing he found them 
manufacturing there, at once brought to his mind the feasibility 
of buying it in Aberdeen and selling it in North Yorkshire. 
Accordingly, he went to Aberdeen the following yearand bought 
what he thought would be useful, and made a considerable profit 
by the sales he made. He was also a horse dealer, and was 
acknowledged an uncommon good judge of a horse, and so this 
wonderful and indefatigable man went on in the ordinary ways 
of the world, never daunted. 

He was 48 years old when the Act for making the road from 
Harrogate to Boroughbridge was passed, and as yet there were 
no acknowledged surveyors or contractors, but Metcalf here 
found another opening for his enterprising nature, and after 
some considerable trouble he obtained a contract to make three 
miles of this road, which he did to the full satisfaction of the 
trustees. Very soon after this he built a bridge at Boroughbridge, 
and increased his work in road-making and bridge-building 
until he was about 70 years old, or about 1787. Among his 
principal and most important were roads between Harrogate and 
Harewood Bridge, Chapeltown and Leeds, Broughtori and Adding- 
ham, Mill Bridge and Halifax, &c, &c, in Yorkshire ; between 
Bury and Blackburn, with a branch to Accrington, and many 
others in and about Ashton, Stockport, Whaley and Buxton, &c. 
In fact he constructed about 200 miles of road in about 22 years. 

He was the first to get over boggy and marshy ground 
successfully by means of bundling heather and packing it for a 
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patent for certain improvements in connection with steam 
engines and boilers, and, in 1763, constructed an iron steam 
engine for a colliery at Newcastle. But at this time his 
ingenuity seems to have been turned from engine building to 
canal making. 

There is no doubt that canals did as much as any one thing 
in their time to open up and prevent the manufactures of the 
country from being crippled for want of carrying power, and 
James Brindley was the man who engineered the majority of 
these into successful existence. He made canals in nearly all 
parts of the manufacturing counties, and in these counties 
wherever you see a canal you will very seldom make a mistake 
by saying that its source was Brindley's head. 

His first principal undertaking was the Duke of Bridge water 1 s 
canal from Worsley to Manchester, chiefly for the purpose of 
carrying coal in 1755, traffic between Manchester and Liverpool 
at this time being conducted by road or by barges on the river, 
and in many cases the cost was £2 per ton. All the same these 
two towns were increasing in population and importance and 
gradually becoming more dependent upon one another. 

In 1757 the population of Manchester and Salford was only 
20,000, and it was difficult to get materials either in or out of 
them, even provisions were often scarce, so bad were the methods 
of communication ; for the same reason coals were scanty. 
Seeing this the Duke of Bridgewater called in Brindley to advise 
as to how his canal should be constructed, and we very soon 
have him surveying the route for this canal; in his plan he 
proposed carrying an aqueduct over the Irwell, and in 1760 an 
Act was passed empowering this to be done, but there was a 
very serious objection raised against this, principally to the 
necessity of Barton aqueduct. The Duke and Brindley were 
repeatedly appealed to, asking them not to attempt an 
impossibility — for who ever heard of water being carried over 
ships which were sailing underneath, and one worthy told the 
Duke that he "had often heard of castles in the air but never 
before saw where any of them were to be erected.'' However, 
neither of these men were to be daunted, and this length of the 
canal including Barton aqueduct was completed, and proved such 
a benefit to all concerned that it was considered one of the 
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wonders of the age, and the Duke decided to apply for an Act to 
empower him to continue his canal to the Mersey. 

As an instance of the Duke's foresight and enterprise it is 
curious to note that he foresaw the great advantage his new 
project would he to both the leading Lancashire towns, 
Manchester and Liverpool, for in 1761 the goods then carried 
between them were only about 40 tons per week, and the cost 
and inconvenience of transport were such that he could see a 
good return for his outlay. It may be interesting to Ship Oanal 
Shareholders to note that this canal was the chief cause of the 
two towns increasing so rapidly as they did, for in 1760 there 
were only 1,245 vessels entered Liverpool, and as a seaport it 
was a long way behind many others in this country. There 
was great opposition to the passing of this bill, 1762, but it was 
eventually pushed through with dogged perseverance such as 
we witnessed some few years ago, and the work was speedily 
pressed forward to completion. 

But again like the Ship Canal the expenditure exceeded the 
estimates, and the Duke was so severely drawn upon that he 
had to see his bankers in London and borrowed £25,000, which 
was paid back in 1769. The canal itself was opened for traffic 
to Runcorn in 1767. Brindley still continued in his canal work 
and among others constructed the Grand Trunk Canal, in fact 
he continued hard at work until his untimely death in 1772, in 
the fifty-sixth year of his age. 

I have said much more than I at first intended, but as I do 
not wish to trespass upon your patience I shall only allude to 
one man in particular, and I don't think I should be doing the 
title of Engineer justice if I did not mention the name of George 
Stephenson, of whom I think we all know sufficient to make it 
unnecessary for me to go into the details of his life ; suffice it to 
say that he was the father of the railways, which it would be as 
impossible to dispense with as it would be to put a chicken 
back into its shell. 

We hav*e had many other examples of engineering of all 
classes during more recent years which I could not think of 
enumerating, but keeping in view the development of the 
country, year by year, century by century, from a pasture range 
to a cornfield and garden ; alongside of agriculture there have 
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grown up handicrafts, trades and manufactures, by which the 
raw materials have been worked into tools and fabrics. The 
powers of nature have been converted into useful channels ; 
wind, water and steam have become useful allies and servants. 
Bridle paths superseded by wheel-roads, rivers dug out and 
deepened or used to feed artificial channels of water communi- 
cations, and from a land of horse vehicles has become one of 
steam trains and iron railroads. All branches of agriculture, 
trade and manufacture have been accelerated, until Britain 
became the world's school of industry and the world's workshop, 
all through the undaunted energy, skill and pluck of our 
engineers; and I trust every member of this Association will 
make it his first aim to excel in whatever he may undertake, so 
that our successors may be as proud as I am of the title 
engineer. 

On the motion of the Ex-President (Mr. John West), seconded 
by Mr. T. Ashbury, a cordial vote of thanks was passed by 
acclamation to the President for his interesting address, which 
he briefly acknowledged, and the proceedings terminated. 
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just before release than existed just after cut-off. When the 
exhaust port opens, the pressure and temperature rapidly fall 
and continue low during the whole exhaust period, and re- 
evaporation must go on very rapidly all the time ; for it is a 
necessity that whatever steam entered the cylinder as steam, 
must leave it again as steam — not as water — except the amount 
required to supply the heat converted into work, and to make up 
for losses by external radiation ; that alone can pass away as 
water, for if more water than that passed away the normal 
temperature of the cylinder would be increased by the latent 
heat set free when the steam condensed, and the increase would 
go on indefinitely. This is, in fact, the action which takes place 
for a short time when an engine is first started, but the cylinder 
rapidly reaches such a temperature that no more is condensed 
than is re-evaporated and then the temperature remains con- 
stant, except for certain periodical fluctuations in a very thin 
shell of the inside of the walls which varies above and below the 
mean at every stroke. If the engine be a simple one the whole 
of the heat contained in this re- evaporated steam is thrown away 
either into the condenser or into the atmosphere according as the 
engine is condensing or non-condensing : but if it is a compound 
engine then the steam so re- evaporated can be used over again 
and a portion of its heat is thus saved. It is easily seen that in 
any particular cylinder the amount of steam condensed in raising 
the temperature of a thin shell of the interior metal from the 
exhaust temperature to that of the boiler steam, will depend in 
some measure upon the weight of metal to be heated, and upon 
the number of degrees through which its temperature has to be 
raised. If the weight of metal can be reduced, or if the range of 
temperature can be diminished, then a proportionate saving in 
initial condensation should result. Now by adding to the simple 
engine a second smaller cylinder it is possible to reduce the range 
of temperature in each cylinder by one half, so that there should 
be very much less initial condensation in the compound engine 
than there was in the the simple one. Speaking broadly that 
is the commonly accepted reason why compounding, whether 
with two, three, four or more cylinders is advantageous. 

The first difficulty met with in comparing this hypothesis 
with the actual facts as between the triple-expansion and the 
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cylinder walls by themselves, but it goes to show that range of 
temperature and initial condensation due to the effect of the 
metal, are not in themselves of such first rate importance as 
generally supposed. 

In conclusion, gentlemen, you are asked either to assent to, 
or to combat the following statements based upon the argu- 
ments just ended : — 

1st. That the triple expansion steam engine is somewhat 
better as a heat using machine than the compound 
engine ; regard being had to the quantities of heat 
contained in the steam when at the pressures found by 
experience to be those most suitable to each kind of 
engine. 
2nd. That the range of temperature in triple expansion 
engines is generally as great per cylinder as in the 
compound. 
3rd. That a range per cylinder of about 95° seems about the 
economical limit, but up to that amount its effect is not 
important. 
4th. That the triple expansion engine does not depend for 
its greater economy upon any reduction of temperature 
range alone, and that such range does not account for 
the very considerable initial condensation known to take 
place. 
5th. That the important cause of economy in the triple 
expansion engine and in the compound is the use of a 
high pressure cylinder, in which a very great proportion 
of the work of the engine can be done while the steam is 
at a high temperature, and with only a moderate range 
of temperature. The triple expansion engine has the 
advantage of such pressures that great expansion can 
take place without detrimental fall in temperature. 
6th. That moderate initial condensation in the high pressure 
cylinder is not particularly important, where the re- 
evaporated steam can be used again, but is very important 
in the low pressure cylinder, because all the heat given 
up after release by re-evaporation is thrown away in the 
condenser. For the same reason it is best to use jackets 
—when any are used — upon the first two cylinders, 
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That day he had been reading in the Oldham papers a 
description of the work this particular firm at present had in 
hand, comprising large boilers to work up to 2001 bs. pressure for 
the triple aud quadruple engines now being built in Lancashire. 

In his opinion the progress of triple and quadruple expansion 
engines for land practice had been more impeded by boiler 
makers than engineers, because of the difficulty of making large 
Lancashire boilers to work safely at the high pressures required. 
From the moment this was determined, and marine practice 
had proved beyond doubt the economy of the principle of using 
high pressure steam, engineers were prepared to recommend 
and utilise these pressures with results that up to now had 
proved satisfactory, and as more experience was being gained as 
to the best proportions, and the best designs, greater results 
would be achieved in the future. 

Mr. E. G. Constantine concurred with Mr. Jenkins in the 
remark that taking the quantity of steam used by the engine 
was the best test of its efficiency. In considering the work done 
by an engine it was essential to separate the machine from the 
boiler because the latter was often responsible for great waste. 
Recently he came across a case where the indicator diagram 
showed a consumption of 251bs. of steam, but the coal consump- 
tion was 6* libs, per hor3e-power. 

It appeared to him that the whole pith of the question of 
triple or quadruple expansion lay in the enormous number of 
expansions which could be obtained between the initial pressure 
and the terminal pressure. If one cylinder sufficiently large to 
utilize the available high pressure could be made, great econo- 
mical results would probably accrue, were it not that there 
were serious practical difficulties in the way. 

As regards the general adoption of triple expansion engines 
ashore, he was surprised that builders of land engines had not 
given more attention to it many years ago, as the economy 
resulting from their use on shipboard was conclusively demon- 
strated so long ago as 1874. He could only account for the 
apparent apathy by the fact that on land the economy was 
represented by the decrease in the amount of fuel used only, 
while the saving of fuel represented a much greater economy to 
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the shipowner as the cargo-carrying capacity of the vessel was 
also increased. 

Concluding, Mr. Constantine said he was of opinion that the 
very best compound engines working ashore were nearly or 
equally as economical as the ordinary type of triple expansion 
engine used at sea. To his mind however for smoothness of 
working nothing was superior to the three-crank engine. 

Mr. A. G. Brown said that, referring first to* what the two 
preceding speakers had said he thought Mr. Saxon was entirely 
mistaken in stating, " that with the compound engine the 
average pressure referred to the low pressure cylinder would not 
exceed 251bs. per square inch, while with the triple expansion 
engine the referred pressure would equal 801bs. per square inch 
of the low pressure piston." This depended entirely on the 
pressure at the start. If they were working with lOOlbs. boiler 
pressure it might not be advisable to carry more than 251bs. 
average pressure when referred to the low pressure piston, but 
if they were working with ISOlbs. boiler pressure, the same as 
the triple expansion engine, it certainly was advisable to carry 
a greater average pressure or the engine would not be economical, 
and he certainly did not think it fair to the engines to compare 
a compound engine working with lOOlbs. boiler pressure, with 
a triple expansion engine working with 1501bs. pressure. 

Eeferring to what Mr. Constantine had said about the 
impossibility of getting the same number of expansions in a 
single cylinder engine, as in the compound or triple expansion 
engine, he would state that this was perfectly easy to do, but 
was not advisable on the score of economy. In fact if they 
simply used the low pressure cylinder of the compound or triple 
engine and admitted the same quantity of steam to it as was 
usually admitted to the high pressure cylinder, they would 
have the same number of expansions, although, owing to the 
increased initial condensation, they would not get the same power 
nor the same economy. 

He happened to have assisted in some tests of a simple steam 
engine working with 1801bs. boiler pressure, where they were able 
to get as many as 20 expansions, and as few as 1$, that is they 
could cut off at less than ^-th of the stroke, or as late as f 
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stroke, and they found they obtained the best results when 
cutting off at about £ of the stroke. From the lack of proper 
appliances for determining the exact quantity of steam passing 
through the cylinders they could not determine whether the loss 
was due altogether to cylinder condensation or not, but inferred 
that it was largely due to the large percentage of ineffective work 
done. Such a small amount of effective power was obtained 
while the gross power was pretty large ; and in this connection he 
would state that in tests of this kind the indicator diagram 
should not be used as a basis for calculation, the effective work 
accomplished being the only true measure of the engine's 
performance. It should always be remembered that the friction 
of an engine was practically constant in amount at the same 
speed, no matter what indicated power may be shown, and when 
testing with very short cut-off the friction of the engine may be 
90 per cent, of the indicated power, while with full loads it 
would be but 8 or 10 per cent. 

A3 to the paper, he thought it was an excellent one, and 
deserved their best consideration, and he only regretted that he 
had not received it in time to go more fully into the various 
points raised, as these were matters that could not be taken up 
and discussed thoroughly without considerable reflection. He 
had only been able to look the paper over that afternoon and 
therefore his remarks would be rather superficial. 

Mr. Jenkins, after alluding to the quantities of steam required 
for the compound and triple expansion engines, asks " Is there 
any absolute economy of steam beyond that due to the increased 
pressure and consequent greater range of temperatures between 
which the steam can be worked ? " 

He believed that there was, but to prove this would require a 
careful review of the whole matter, and he would first ask Mr. 
Jenkins, if the diagrams as shown in the engravings accompany- 
ing the paper were correct ? He had calculated from them that 
the steam accounted for by the indicator was but 9- libs, per 
liorse-power per hour, out of 18-61bs. actually used,* leaving a 
balance of 4'51bs. to be accounted for in some way. Mr. Jenkins 



* The actual amount of steam passed through the cylinders was only 12 a S61bs. per indicated 
horse-power per hour, as the jackets accounted for l'241bs. For the steam shown by the 
original diagrams see the last Table in Prof. Goodman's remarks. — W. J. J. 
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accounted for 17 per cent, of the total steam used being con- 
densed in doing work in the high pressure cylinder (supposing 
that none of the work was done in the boiler), but here was 88 
per cent, of the total steam to be accounted for, or an addition 
of 50 per cent, to the amount accounted for by the indicator ; 
when he observed such a large percentage unaccounted for, he 
concluded that the diagrams were incorrect, except perhaps as 
to general appearance. He also did not concur in the state- 
ment that none of the work was done in the boiler, and thought 
that it could easily be proved that all the work accomplished 
up to the point of cut-off was done in the boiler, and as this 
amounted to half of the gross work shown in the high pressure 
cylinder, there would be but 8£ or 9 per cent, of the total steam 
condensed in doing the remaining work there, i.e., the work 
done after the cut-off had taken place ; this left a still larger 
percentage (according to the diagrams) to be accounted for by 
initial condensation, a much larger amount than he had ever 
noticed before, and it confirmed his conclusions that the 
engraver had not been sufficiently accurate in reproducing the 
diagrams. 

Now there was one point which should not be overlooked. 
The engine mentioned developed 100 gross horse-power in the 
high pressure cylinder, out of which only 40 horse-power was 
effective. If this cylinder was working as a simple engine with 
the same back pressure, they would have the same quantity of 
steam used to develop 40 indicated horse-power, and it would use 
41-5lbs. of steam per indicated horse - power per hour, the 
cylinder condensation and heat converted into work remaining 
precisely the same. But if, instead of taking such unfavourable 
conditions, it was assumed that the engiue was working as a 
simple condensing engine, under #ood conditions, and with the 
ordinary back pressure to be expected, it would develop 95 
indicated horse-power in the single cylinder, while the range of 
temperature would be about 225deg., instead of the 95deg. in 
the triple engine. The initial condensation would therefore be 
greatly increased, while the indicated power would be but 95 
instead of 122, or a loss of 27 horse-power, equal to 22 per cent. 
of the indicated horse-power of the triple engine, or 28 J per 
cent, of the indicated horse-power of the simple engine. 
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From the time of the very first practical steam engine made, 
all of the important improvements devised had resulted in 
reduced initial condensation in the cylinders, and it was this that 
effected the saving or made the engine more economical. If any 
one interested in the subject would go carefully through the history 
of the steam engine, they would very quickly note this point. 
The experiments of Messrs. Emery & Isherwood, at the Brooklyn 
Navy Yard, with engines having both non - conducting glass 
cylinders, and ordinary iron ones showed very large savings 
for the glass cylinders under all conditions, the saving being due 
only to the reduced initial condensation, which is the sole 
reason why the employment of a greater number of cylinders 
was more economical with higher pressures of steam. The 
reduced initial condensation, over what would take place in a 
single cylinder working with the same steam pressure, permitted 
an increased number of expansions. It was certain that with the 
ordinary good engines in use, there was a maximum range of 
temperature which should not be exceeded in each cylinder to 
get the best results ; and there must also be a certain minimum 
range, less than which it does not pay to go, otherwise the same 
number of expansions of steam (at any pressure) in one, two, 
or three cylinders would give practically the same results, 
barring the losses due to clearance and ineffective work done. 

There were certain wastes or losses inherent in every steam 
engine cylinder, the more prominent being from the clearance 
spaces and the ineffective work done ; and the more cylinders 
used the more losses from these causes, and these losses could only 
be balanced by the saving from reduced cylinder condensation. 
The increased number of expansions depended on this reduction. 
With low pressures of steam and consequently small ranges 
of temperature the saving in initial condensation that would 
be effected in two or more cylinders, would not balance the 
losses from the causes above mentioned. It was therefore not 
advisable to use a large number of cylinders with a low pressure 
of steam, and it had been pretty clearly established that a good 
compound engine was not as economical as a good simple engine 
at 601bs. pressure ; it was also pretty clear that it would not 
be advisable to use a triple expansion engine at lOOlbs. pressure 
of steam ; as in neither case was there sufficient range of tem- 



^RIPLE-EXPANSlON, COMPOUND AND SIMPLE ENGINES. 89 

simple. This was the great idea laid down by Joule, and in 
no other way could a right solution of the subject be obtained. 
The question therefore before the meeting was how to utilize 
the units of heat or force in the various pressures of steam used, 
and what was the most economical pressure to adopt. It was 
just possible that the Simple engine would be found most efficient 
for certain pressures, the Compound more efficient for higher 
pressures, and the Triple- expansion engine even more effective. 
There was also the question of friction that might be discussed. 
He had made, a short time since, a few experiments with drying 
the steam by passing the steam pipe through a small furnace, 
bnt could not off-hand lay the results before them. Seeing that 
Prof. Goodman was present, perhaps a few words from him on 
this important question would be appreciated by the members. 

Mr. John Taylor was disappointed that Mr. Jenkins had not 
given them more illustrations and comparisons of the work done 
by the triple expansion and compound engines respectively. 
From what he had seen of the adoption of triple expansion 
engines in the district of Oldham, the general saving seemed to 
be about 12 to 15 per cent. At the same time, he did not think 
it was correct to attribute the whole of the saving simply to the 
conversion of an engine into a triple expansion engine, for the 
simple reason that probably in the original circumstances the 
engine may not have been suitable for the demands made upon it. 

Mr. S. Boswell remarked that as two of the speakers had 
charged the boiler maker with being behind, and not capable of 
supplying boilers sufficiently strong and suitable for high 
pressures, and considering that a great many of the members 
were not engine builders, he was anxious to show them that the 
boilermaker was not behind in the great advances in pressure . 
Twenty-five years ago many boilers were made and working at 
801bs. when only 701bs. were wanted on the engine piston, at 
which time engineers could not get an initial cylinder pressure 
within lOlbs. of the boiler pressure. Our late and esteemed 
member, Mr. D. Adamson, was admitted to be the father of 
triple and quadruple engines ashore, and he had told them that it 
was not a question of boiler pressure, as he could always arrange 
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that ; the great question had always been how to deal with the 
steam in the cylinders. Mr. Boswell remembered the steamship 
" Propontis," and believed that the failure was not due to the 
boilers or want of pressure. During the years 1869 to 1872 
many boilers were made in Manchester for a daily working 
pressure of 1501bs. It might interest the meeting to know that 
he had very recently had a successful hydraulic test of 8501bs. 
on a boiler, and if only half of this were used as working pressure, 
4251bs. would be at the call of the engineer, while a working 
pressure of 5001bs. was certainly not unknown. With engineers 
who were also first class boiler makers, the question of boilers 
was only a secondary consideration, and those who did not 
make boilers had only to go to a first class firm, say what was 
wanted and offer a fair price, and they could be supplied. 

Professor Goodman (Leeds) observed that every question 
relating to the thermal economy of the steam engine resolved 
itself into that of how to reduce the internal condensation in 
the cylinder or working chamber of the motor. Since the intro- 
duction of the Savery engine the consumption of steam per 
horse-power per hour had been reduced to about -^ of what 
it was formerly ; each improvement had mainly, if not wholly, 
been due to the reduction in the condensation of the steam. 
In the Savery engine about |ths of all the steam supplied was 
condensed ; according to Smeaton, not far short of 1701bs. of 
steam were used per horse-power per hour, and even at the 
present day the Pulsometer, the modern representative of the 
Savery engine, used over 2001bs. of steam per horse-power 
per hour*. 

Newcomen somewhat reduced this enormous condensation, 
by not allowing the steam to come in direct contact with the 
cold water he was pumping, but still he used his cylinder as a 
condenser, hence much of the incoming steam was instantly 
condensed. 

*A convenient approximate formula for calculating the weight (W) of steam used per 

1,760 x rise of temperature. 

horse-power per hour by a Pulsometer is W= — The rise of 

^ ^ J Lift in feet. 

temperature of the water lifted should be expressed in Fahrenheit degrees. This is not an 

empirical formula, but it is unnecessary to go into the details as to how it has been 

arrived at. 
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Watts' s great invention of using a separate condenser owed its 
success entirely to the fact that he thereby largely reduced the 
initial condensation. 

Brindley and Smeaton attempted to still further reduce it by 
using wooden cylinders ; being bad conductors of heat, they 
would have undoubtedly succeeded had it not been that wood 
was an unsuitable material where heat, moisture, and rubbing 
were required. 

Later experimenters had endeavoured, with more or less 
success, to reduce the condensation by steam jackets, superheated 
steam, and by reducing the range of temperature in each 
cylinder by carrying on the expansion in two or more cylinders ; 
that, indeed, was the question before them that to-night. 

The author of the paper showed that the use of two or more 
cylinders had unquestionably reduced the consumption of steam, 
but whether the reduced consumption had been due to the 
reduction in the initial condensation was not yet proved, it being 
far more probable that the initial condensation was as great in 
the high pressure cylinder as before, but that the steam initially 
condensed was re-evaporated later on, and used in the following 
cylinders. 

The author of the paper appeared to have come to the con- 
clusion that the temperature of the cylinder walls had but little 
effect on ultimate economy ; in the main he may be right, but 
yet they must not ignore the fact that experiments on all hands 
showed that the temperature of the walls had a very important 
effect on the initial condensation. Take for example, the 
influence of steam jackets, they, by keeping the walls hotter, 
very materially reduced the initial condensation. The following 
experiments were made on an engine of about 100 horse-power : 
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It was worthy of note, however, that because.the engine was 
nnjacketed, the initial condensation was practically the same 
when it was working as a condensing engine as when working 
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increased as the range of expansion increased, and this fact was 
often quoted as a proof that initial condensation was due to the 
range of temperature in the cylinder. That, however, was not 
strictly true, for it must be remembered that as the range of 
expansion increased so the total weight of steam admitted 
correspondingly decreased ; as a matter of fact the weight of 
steam actually condensed was practically constant at all grades 
of expansion, as may be seen from the following tables : — 

The weight of steam actually condensed had been arrived at 
thus : — 

Let #=the weight of steam actually supplied to the 

cylinder per stroke, 
y= the percentage of initial condensation, 
r=the ratio of expansion including clearances, 
and let the total capacity of the cylinder be taken as lOOlbs. of 
steam (including clearances). 

At cut off we have — lbs. of steam in the cylinder 

100 



x = 



V 100/ 



100, 



Weight actually condensed — x lbs. 



r 
100 y 



»» 



»> 



>> 



r (100 -y) 



lbs. 



Ratio of expansion . . 
Initial condensation . . 
Weight of steam ) 
condensed in lbs. j 



1 


1-3 


1-88 


2-65 


3-35 


400 


4-53 


5-5 


8 


10 


13 


16 


20 


23 


25 


30 


8-7 


8-5 


8-0 


7*2 


7-5 


7-5 


7-4 


7-8 



6-3 
35 

8-5 



Ratio of expansion . . 
Initial condensation . . 
Weight of steam ) 
condensed in lbs. j 



1 
3 

31 



1-3 
4 

3-2 



1-88 
4 

2-2 



2-65 
5 

2-0 



3-35 
6 

1-9 



4-00 
8 

2-2 



4-53 
10 

2-4 



5-5 
11 



6-3 
11 



2-3 20 



Ratio of expansion . . 
Initial condensation.. 
Weight of steam ) 
oondensed in lbs. j 


2 
13 

75 


2-5 
16-5 

7-9 


3 

20 

8-3 


3-5 
23 

8-5 


4 
26 

8-8 


45 

28 

8-6 


5 
30 

8-6 


5-5 
32 

8-5 


6 
33 

8-2 


6-5 
35 

8-3 
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Although these figures were not quite so regular as. one 
could have desired, yet they seemed to show that the weight of 
steam initially condensed was fairly constant for all grades of 
expansion, and probably depended rather on the extent of surface 
in contact with the steam before the piston began to move ; 
that being the case we should expect to find more initial conden- 
sation in small engines where the ratio 

Surface of cylinder in contact with steam at admission 
Volume of steam in cylinder at admission 

was greater than in large engines— which was certainly borne out 
by experiment. 

If then the surface had anything to do with the initial con- 
densation we should expect to find that the condensation would 
increase as the time of contact of the steam and the surfaces 
increased. This point was abundantly proved by Willan's 
experiments (Institute Civil Engineers' Proceedings, xciii., 128). 



Ratio of expansion 2*0 



Steam per I. H.P. per hour, revs. 400 

210 
115 



it 
>» 



»» 







3-6 
24-75 
3006 
3006 



There was a point that was often overlooked in connection 
with the question of the " missing quantity" or initial conden- 
sation, they were spoken of as being one and the same quantity ; 
the steam shown by the indicator was measured, and the feed 
water as supplied to the boiler; the difference between them was 
called " initial condensation." How about leaky pistons ? The 
experience of the speaker was, that few if any pistons were even 
approximately tight, even if they were tight when standing, they 
frequently leaked when running, but if leakage did occur, it would 
entirely upset any calculations on initial condensation. He was 
of the opinion that some of the loss that was credited to initial 
condensation may be due to leaky pistons. 

The value of engine trials would be very much increased if 
the weight of steam as shown by the indicator were given in 
conjunction with the feed measurements, such data was compara- 
tively rare and was very much wanted ; probably the lack of 
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information on this point was due to the difficulty of making the 
determination by the usually accepted method. He had recently 
worked out a very simple method which he believed would 
greatly facilitate such calculations. 




1/ ^Atmospheric lirue 



V 



^Absolute zero 



In the annexed figure — 

Let V= working volume of the cylinder in cubic feet, 
L= length of stroke in feet, 
A = area of piston in square inches, 
P,=mean effective pressure on the piston, 
N= number of revolutions per minute, 
p = absolute pressure at which vol. v is measured. 



For a compound engine 
P. = Pi + Pi' r 

For a triple expansion engine 

P. = P' e + Pi' r + Pi" r> 



P' = 



P" = 

P/// — 



r = 



r 1 = 



mean effective pressure 
on H.P. piston. 

do. on L.P. piston. 

do. on third piston. 

area of L.P. piston. 

area of H.P. piston. 

area of thir d piston. 

area of H.P. piston. 
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Let X = =. 

Volume of steam used per hour at the pressure p 

120 LA No? 

= — m — w 

t a- i ai* 2JVLAN .... 

Indicated horse-power = — — (it.) 

oo,000 

Volume of steam used per indicated horse-power per hour 

. (i) 13,750 x 

at the pressure ,=-«__ 

If the volume v be measured from the compression line of 
the card, no allowance need be made for clearance ; if there be 
only a small amount of compression it may be measured from 
the compression line produced as shown dotted, but if there be 
no compression, it must be measured from the ordinate of the 
diagram, set off at the right distance to allow for clearance, i.e., 
the distance from the ordinate to the beginning of the card 
must represent the clearance volume on the same scale as V 
represents the working volume, or clearance may be allowed for 
thus — 

T , clearance volume 

Liet c = =-; , — 

working volume 

c = about 0*02, in large Corliss engines. 
0*12 in badly designed small engines. 
0-07 may be taken as a mean — 

When there is no compression, and when v has been measured 
from the card and not from the ordinate — 

Volume of steam used per indicated horse-power per hour at 



the pressure p = 



18,750 x (1 + -\ 

x) 



Let v = number of cubic feet in lib. steam at the pressure p. 

1*065 
Then p v = 478 foot lbs. (See Standard Works on 

steam engine.) 
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Then 
Weight of steam used) = w = volume per LH.P. per hour 

per I.H.P. per hour) ~ Number of cubic feet per lb. 

w __ 18,750 x (A) When v is measured from 

"~ -n 1*065 /478 the compression line, or when 

™« \ — there is no compression, from the 

* ordinate. 



18,750 aj(14--] (B) When there is no compres- 

yj __ _J_ ^_/ sion, and v is measured from the 

1*065 /478 beginning of the card and not from 

the ordinate. 



p, ^ V- 



This, however is an inconvenient expression to use, on account 
of the fractional root, it may be simplified thus — 

W = 18 ^ 5 p^ P (See note (A) above.) 

or 18,750 a? (1 + -) p 

W = ?' (See note (B) above.) 

K P, 

where K = p v and has the following values : — 

Values of K 



p (lbs. Din.) 


K 


Atmospheric 


887 


17 


890 


20 


895 


25 


400 


80 


404 


85 


408 


40 


412 


45 


415 


50 


418 


60 


422 


70 


426 


80 


480 


90 


488 


100 


437 



It will thus be seen that there is no need whatever to deter- 
mine the diameter of the cylinder, the stroke, or the revolutions, 
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in order to get the steam used per indicated horse-power per 
hour. 

In order to get a rough idea of the weight of steam an engine 
is likely to use per indicated horse-power per hour, produce the 
expansion line thus : — 




>= -*■ 



-AjtmospTuerzc line 



.Absolute zero 



Then x = 1 (roughly) and 

_ 18,760 p _ 84_p_ 

"" 400 P e " P e 

this of course makes no allowance for initial condensation ; to 
cover all such loses, say W = 50 ^ This formula, which only 

■* e 

professes to be of the roughest type, gives a very fair idea of the 
weight of steam an eng : ne actually uses. 

For getting the mean effective pressure (P e ) of indicator cards, 
Mr. Goodman recently patented an extremely simple form of 
planimeter, which gives the mean height of cards without any 
calculation, and far more quickly than the usual method. It 
had no recording wheel or other mechanism that could possibly 
get out of order. 
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cz=a9 




The instrument is first set to the length of the card by sliding 
out the leg DB, it is then held vertically with the point A, and 
the hatchet B resting on the paper. A is placed at the point G 
and a dent made in the paper with B, the point A is then caused 
to traverse the curve via CE, and thence back to C. The 
hatchet has now taken up a new position, it is again pressed 
into the paper to form a dent, the distance between the two 
dents is the mean height of the card. 

Mr. Jenkins used Rankine's formula for arriving at the weight 
of steam required per indicated horse-power per hour for various 
grades of expansion ; the speaker had constructed a formula 
which appeared to him to be somewhat simpler and yet accurate. 



Let r 






the number of times the steam is expanded. 

the number of cubic feet of steam per lb. at the 
initial pressure p . 

the volume swept through by the piston up to cut 
off, plus the clearance volume v x . 

the absolute initial pressure. 

the back pressure. 

the working volume of the cylinder. 







clearance volume 
working volume 
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Then 

" x x 18,750 (1 + c) t> 2 1 



Weight of steam re- ' 
quired per I. H. P. 
per hour 



* v o \Pi R (1 +log 6 r) - v e \-p h t\ 



The cards and results of the triple expansion engine, given by 
the author, were obtained from an electric lighting engine, built 
by Messrs. J. & H. MacLaren, of Leeds; the tests were carried 
out by Mr. Wilson Hartnell, M.I.C.E., and Prof. Goodman; 
the results are believed to be better than any that have previously 
been obtained from an engine in this country. The main 
results were as follows : — 

Indicated horse-power 121*8 

Brake horse-power 106*9 

Eevolutions per minute 121*6 

Boiler pressure 157lbs. Din. 

vacuum ... ••• ••• *•• •*• ... ... •.. ^oms. 

Feed water used per indicated horse-power 

per hour, including jackets 18*61bs. 

Feed water used per brake horse-power per 

nour ... ... ... ... ... ... ... xO'oiDS* 

Steam used in jackets per indicated horse- 
power per hour l*241bs. 

Steam used in jackets per brake horse-power 

per hour l'-lllbs. 

Coal burnt per indicated horse-power per hour l*851bs. 
,, brake „ ,, l*531bs. 

Water evaporated per lb. of fuel from a 

meau temperature of 110*7 F 10*lllbs. 

Do. from and at 212o F.... ll-841bs. 

The steam shown by the indicator cards in the three cylinders 
was respectively : — 

High Pressure. Intermediate. Low Pressure. 

After cut-off 0*079 ... 0*090 ... 0*0681bs. 

End of stroke 0*080 ... 0*092 ... 0*0741bs. 

The weight of feed water used per stroke was 0*1141bs. 
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Mr. W. J. Yabwood, referring to Mr. Brown's remarks, said 
that while quite agreeing with him as to the inadvisability of 
compounding new engines at less than 601bs. pressure, and also 
recognizing the fact that the simple expansion engine ashore 
with early cut-off, say fths stroke, had achieved astounding 
results, still the fact must not be overlooked that there were 
compound engines working at less than 601bs., the results from 
which had shown that in converting from simple to compound, 
the right course had been adopted. 

His firm, the Weaver Trustees, had a steam hopper barge 
and a dredger which were both fitted with vertical marine 
engines, two cylinders 18in. diameter, 20in. stroke, cut-off at 
\ stroke, boiler pressure 381 bs., revolutions 78, vacuum 24in., 
indicated horse-power 75, fuel consumption 6*751bs. per indicated 
horse-power per hour. 

A short time ago these engines were both compounded. In 
each case one 18in. cylinder was removed and a 80in. cylinder 
substituted. Steam was raised to 481bs., this being the boiler 
limit, and the steam was cut off in both cylinders at ■£$ stroke. 
The results were, revolutions 98, indicated horse-power 117 
(and this easily maintained), fuel consumption 2 # 25lbs. per 
indicated horse-power per hour, showing a saving in fuel of 
4£lbs. per indicated horse-power per hour, and an increase of 
power from 75 to 117. These engines in the first instance 
were not in a position to use steam as expansively as they 
might have done had they been fixed ashore and with an earlier 
cut-off. 

He considered that the earliest cut-off which could be adopted 
with safety for compound marine engines, was T ^ stroke. If 
this was decreased there would be serious risk in the case of 
vessels trading on inland waterways, where there were locks 
and bridges to contend with, as, owing to the engines centreing 
and refusing to reverse at the last moment, there was liability 
of serious damage to lock-gates or turn-bridges. The two fore- 
going instances would, he thought, justify his view that there 
were special cases which would warrant the discarding of 
formulae, and the following of compounding even at pressures 
less than 601bs. 
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Mr. A. G. Brown, in replying to Mr. Yarwood, observed that 
what he intended to convey was that there was no economy in 
compounding a good simple engine at 501bs. pressure. There 
were great differences in engines. He had tested a Corliss high- 
pressure engine, which developed a horse-power with less than 
201bs. of steam per hour, at 801bs. pressure. This was a good 
simple non-condensing engine. He had also tested a compound 
condensing engine working with 1201bs. steam pressure, that 
required about 22 Jibs, of steam per horse-power per hour. This 
was a poor compound engine, although not nearly so bad as 
some he had seen. 

A bad engine, working with a low steam pressure, might be 
considerably improved by compounding, and then not be equal 
to a good simple engine. Another example was the Corliss com- 
pound engine at the Pawtucket Waterworks, made by Geo. H. 
Corliss himself ; this engine developed a horse-power with less 
than 141bs. of steam per hour, when working with 110 to 1201bs. 
pressure of steam. If this was compared with many of the 
compounds here it would appear to be an exceedingly good result, 
and one that would not be improved on by a triple engine at the 
same pressure of steam ; but if the steam pressure was raised 
40 or 501bs. it was by no means certain that the comparison 
would be in favour of the compound, the chances being decidedly 
the other way. Therefore he asserted again that there was no 
economy in tripling or compounding at low pressures of steam. 

The President (Mr. G. B. Goodfellow) in reviewing the discus- 
sion said many of his intended remarks had been anticipated and 
therefore they would be considerably shorter than he originally 
expected. To begin with, however, he thought Mr. Jenkins had 
not done justice to the compound engine in quoting an example 
of consumption of steam of 161bs. per indicated horse-power 
per hour, and that he had given the triple expansion engine full 
benefit in stating its consumption of steam as low as 121bs. 

As regards the German tests he was of opinion that they were 
too good to be correct, if calculated on the same basis and made 
under the same conditions as we were accustomed to, it being 
rather peculiar that they were invariably under our best examples. 
He agreed with Mr. Rea in his desire that the steam engine 
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he thought this a mistaken idea, because engine makers had 
been trying to get at a point of cut-off to suit the high pressure 
so as to have the return or back pressure as near as possible to 
the terminal pressure ; by doing so it was necessary to cut off so 
early that more was lost by condensation than was gained by 
expansion. There were now engines working at 801bs. pressure, 
with cylinders of 4 to 1, giving very economical results. 

Respecting the commercial success of jacketting cylinders he 
was unable to come to a satisfactory conclusion, so many 
different results having been put forward, though at the same time 
it was certainly worthy of consideration by the Association. He 
did not think all the credit for the adoption of the triple expan- 
sion engine was due to the marine engineer, for many years ago 
there had been examples of both triple and quadruple expansion 
engines in this district. The saving on land of a small amount 
of coal was not of such importance as to make manufacturers at 
once incur large expenditure in new engines or alterations. 
However, he was glad to say, for the good of trade, that they 
were gradually becoming alive to the importance of a smaller 
coal consumption, and he did not think many new engines 
would be erected with any pretensions to being modern, with 
less than three cylinders for high pressures. 

Mr. J. Higkhnson, Junr., said he should like to point out that 
no reference had been made to two very important causes of 
superiority of the triple over the compound engine. The first 
was that leakage past the valves and piston of the high pressure 
cylinder had very much less evil effect in the triple engine than 
in the compound engine, as the steam which leaked past had 
two more cylinders in which to exert its force, instead of one as 
in the compound. The second cause of superiority in the triple 
was that clearance which was unavoidable and which no amount 
of compression could completely remedy, caused much less lo.ss 
of economy in the triple as the steam which filled the clearance 
space, or was condensed through the extra surface thus exposed, 
had two more cylinders in which to exert its force instead of one 
as in the compound. He should like to hear some opinions on 
these points as he thought they had an important bearing on 
the question. 
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Mr. Jenkins in replying said that he was very much obliged 
to the large number of gentlemen who had taken part in the 
discussion, for the contributions they had made towards a 
solution of the question brought forward in the opening state- 
ment, but could at the same time say that he expected, and 
hoped for, much more severe criticism than he got, because he 
had taken some pains to present the subject to them in a 
sufficiently unorthodox light to induce an opposition. 

Only two or three gentlemen had followed the arguments and 
had made remarks directly bearing upon the question, but of 
course that did not reduce the value of what had been said 
during the discussion, though it did show that the latter 
wandered a little wide of the subject. 

Mr. Saxon must notice that although a ratio of volumes of 
cylinders as low as 2 to 1 had been given in the paper it was 
not intended to convey the impression that that was the usual 
ratio for steam of lOOlbs. pressure. That statement was given 
simply to show the direction in which progress had been made, 
and was not a definite statement. It would be very difficult to 
make a definite statement, since almost every engine builder of 
any repute had his own favourite ratio, and believed everybody 
else to be slightly wrong, although the results attained did not 
vary much with a considerable variation in the relative volumes. 
He quite agreed with Mr. Saxon that an engine was often too 
large for its work and that there was a limit to the amount of 
expansion which could be allowed in one cylinder. The effect 
of a very early cut-off would be to exceed the limiting range of 
temperature in the high pressure cylinder. In all probability 
the principal cause of the extensive use of the triple engine in 
marine practice was the necessity for reducing the heavy piston 
loads consequent upon the higher pressures at which the engines 
were worked ; and the evenness of the turning effort upon the 
shaft, with the reduction of the stresses, were in themselves 
sufficient to justify shipbuilders introducing the system even if 
it had been found that there was no saving of coal. 

Mr. Constantino was quite right when he pointed out that the 
fairest standard of heat economy of an engine was the number 
of units of heat utilized as compared with the total number 
supplied, but for most practical purposes the weight, of steam 
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in America bad jackets heated by waste furnace gases, and in 
spite of repeated trials by different competent engineers, who 
did not believe in the economy of 18*61bs. per indicated horse- 
power per hour claimed for it by the engineer in charge, it seemed 
to be a proved fact that such a high economy was reached. The 
pressure was about HOlbs., and the engine was a compound 
made by Corliss himself. 

The President was doubtful of the accuracy of certain American 
and German engine tests ; perhaps they used drier steam than 
we do in England, and that may account for the difference. 
The author had noticed that foreign boilers do appear to contain 
more heating surface exposed to steam alone than we consider 
good. Eegarding the President's remark that much of the water 
due to initial condensation and work, may be blown out of a 
cylinder, having bottom exhaust ports, as soon as the exhaust 
valves open, and could not therefore re-evaporate, Mr. Jenkins 
would ask him how he accounted for the large quantity of heat 
left behind in the metal of the cylinder and not required to re- 
evaporate the water so blown away ? He thought the President 
was wrong in supposing that any considerable quantity of water 
existed in a state to be blown out by steam, since the water 
surely existed not as a quantity distinct from the steam but 
mixed up and diffused as mist throughout the whole bulk of 
the steam. 

On the motion of the President a very cordial vote of thanks 
was passed by acclamation to Mr. Jenkins, who suitably 
acknowledged the same, and the proceedings terminated. 
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be most pleasing to inquire of what kind, and who made the 
iron mentioned by the Patriarch Job. But time will not permit 
us to examine into these things. 

In order to connect modern practice with the earliest ages, I 
purpose calling your attention to two of the ancient methods 
of the manufacture of iron. 1. The Hindoo method, which has 
been practised for ages, and is still used in northern India, and 
was the pioneer of the modern blast furnace. 2. The Catalan 
process, which until the last few years was in active operation 
in the Pyrenees. 

HINDOO METHOD. 

The Hindoos appear to have carried on the direct process of 

iron smelting from time immemorial, as we may certainly infer 

from the large accumulations of slag which occur in various 

localities in India ; and it is scarcely possible to imagine 

anything more rude than their appliances, or anything more 

diminutive than their scale of operation. Their furnaces are so 

small that hours of incessant toil are required to produce a few 

pounds weight of iron. The form of furnace generally used by 

the natives of Lower Bengal (see Plate 1) is built of the highly 

ferruginous sandy soil of the country, moistened and kneaded, 

and is generally strengthened by a sort of skeleton of strips of 

flexible wood. In form it is usually cylindrical, the walls being 

of either equal thickness throughout (about Sin.) or rather 

thicker towards the base. The height of the furnace is about 

8ft., and the mean internal diameter about one foot, but the 

dimensions vary according to local custom. There are two 

apertures at the base of the furnace ; one in front, about a foot 

in height and rather less in width than the internal diameter of 

the furnace, through which when the smelting of one charge is 

finished, the resulting mass 4 of spongy iron is extracted, and 

which during smelting, is well plastered up, the small conical 

tuyere being inserted at the bottom. The tuyere is usually made 

of the same material as the furnace. The other aperture is 

smaller and placed at one side of the furnace and serves as a 

slag hole. The inclined tray at the back of the furnace is 

formed of the same material as the furnace; it is kneaded into 

shape, and supported on a bed of split bamboos laid on a wooden 

framework. On it is piled a supply of charcoal and ore, which 
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is raked into the furnace as required. The blowing apparatus is 
very ingenious. It consists of a circular segment of hard wood, 
rudely hollowed, and with a piece of buffalo bide with a small 
hole in the centre, tied over the top. Into this hole a string is 
passed, having a small piece of wood attached to the end to keep 
it inside the bellows, while the other end is attached to a bent 
bamboo firmly fixed into the ground close by. This bamboo 
acts as a spring, drawing up the string, and consequently the 
leather cover of the bellows to its utmost stretch, while air 
enters through the centre hole. When thus filled, the man 
places his heel on the hide, closing the centre hole, and drives 
the air out through a bamboo tube inserted in the side, and 
communicating with the furnace. At the same time he pulls 
down the bamboo with the arm at that side. Two such bellows 
are placed side by side, thin bamboo tubes lead to the same 
tuyere, and so by jumping on each bellows alternately, the 
workman keeps up nearly a continuous blast. The furnace is 
first dried by keeping a fire in it for some hours, it is then filled 
nearly half full of burning charcoal, after which it is filled to 
the top with charcoal and ore. The blast is then applied. 
When the charcoal sinks at the top of the furnace, alternate 
charges of ore and charcoal are supplied, until the proper charge 
of ore has been introduced, after which the blast is increased as 
much as possible and thus maintained until the close of the 
operation. Cinder soon appears in the hearth, and when it rises 
to the tuyere is tapped off by inserting a small bar through the 
slag hole. In from four to six hours a charge is completed, 
when, the front of the furnace being removed, a small mass of 
malleable iron, cinder, and unburnt charcoal is drawn out. If 
the operation has been properly conducted, the iron is sufficiently 
hot to be hammered into a tolerably sound bloom, with the 
exudation of a thick viscid cinder ; but it is sometimes too cold 
for this purpose, and must in that case be reheated in an open 
charcoal fire. As a large part of the front of the furnace is 
removed at the end of each successive charge, in order to extract 
the iron, much time is lost and fuel wasted from the cooling of 
the furnace, hence it is impossible to work off more than two or 
at most three charges in one day. The yield is about 50 to 
601bs. per day. 
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the production of cast or pig metal, as an intermediate stage in 
the manufacture of malleable iron, was attended with advantages 
not possessed by the older methods, so that now it is followed 
exclusively by means of the Blast Furnace. 

To describe accurately the Blast Furnace and its Accessories 
would require an evening of itself, and all I can attempt is the 
merest outline; to those who wish to pursue the subject I would 
recommend the book written by Sir Lowfchian Bell in 1884. 

When the Blast Furnace is at work it is kept filled to the top 
with fuel, ore, and flux, the latter being mixed in proper 
proportions. To produce the most fusible combinations of the 
earthy matters, a constant stream of air is maintained through 
the tuyeres, at a sufficient pressure to pass freely through the 
contents of the furnace. Part of the incandescent fuel subjected 
to the blast is completely consumed, burning to carbonic acid 
with a development of the maximum of heat, whereby the 
matters immediately adjacent are melted, and fall into the 
hearth, when they separate by liquation into metal and slag ; 
the latter being specifically lighter, rises to the surface, and 
protects the former from the oxidizing action of the blast ; the 
slag is tapped at regular intervals at the dam, and the metal at 
the tapping hole. Thus the solid contents of the furnace are 
gradually and uninterruptedly descending, and a current of 
atmospheric air from the tuyeres is continually ascending to 
the top, when it is carried away in pipes, or in some few cases 
allowed to escape. The carbonic acid formed in the first instance, 
encountering fresh fuel, is reduced to the state of carbonic oxide, 
a process which is attended with a great absorption of heat, so 
that the region in which a temperature sufficiently high for the 
fusion of metal and slag prevails, does not extend very far from 
the point of introduction of the air. (See Plate 8.) The carbonic 
oxide so produced, and the unaltered nitrogen of the air, when 
brought with oxide of iron ore at a red heat is again oxidised 
to carbonic acid with the simultaneous production of metallic 
iron, which becomes carburetted by further contact with 
carbonaceous matter in its descent to the hearth. 

The alternate production of carbonic acid and carbonic oxide, 
by the reciprocal action of carbon and oxides upon the gases, is 
continued in the upper part of the furnace so long as the 



The manufactuee of ikon. 69 

each furnace, each 23ft. diameter by 54ft. high to the springing 
of the dome. The blowing engines are four in number, having 
78in. diameter blowing cylinders, and 40in. steam cylinders. 
This allows of having one off for repairs when necessary. They 
are of the vertical type and capable of blowing a pressure of 9 
to lOlbs. per square inch. The boilers which also supply steam 
to the kiln and furnace, hoists, pumps, &c, are 14 in number, 
and are 5ft. 6in. in diameter, having a flue 2ft. 9 in. in diameter. 
A combustion chamber is built at the front, where the waste gas 
from the blast furnace is admitted, and the flame after passing 
through the boiler flue, is divided, passing along a flue placed 
on each side of the boiler, and then enters a single flue at the 
front end running underneath the boiler, and so out to the 
chimney flue at the back. Ail steam is raised by surplus gas 
only. 

The cost of this plant, erected in 1887, is as follows, viz. : — 

£ s. d. 

3 Blast furnaces 13111 11 3 

2 Furnace galleries 996 2 6 

2 „ hoists 1509 15 

2 Hoist engines and houses 1776 15 10 

6 Cowper stoves 9243 39 5 

1 Chimney and fine for same 351 1 

14 Boilers with setting and fittings 7238 5 11 

4 Seventy-eight inch blowing engines 5909 1 4 

Blast engine house and tank . . . . . . . . 2136 19 7 

Cold blast main and connections . . 484 19 9 

Hot blast and horse-shoe mains 1377 19 4 

Gas downcomers and flues 1505 17 4 

Chimney for boilers 601 13 7 

Force pumps, pipes, <fec 2648 17 11 

5 Calcining kilns 3312 6 8 

Bunkers, &c. ..' 1934 7 7 

Kiln lift 1478 11 

„ gantry 1716 10 

„ drop 698 18 5 

Sundries, railways, <fec 6825 1 

64858 13 6 

Shipping wharf and crane 1273 

* Slag wharf machines, trucks, <fec, including two barges. . 7373 1 8 

£73504 15 2 
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Contrast with the foregoing the celebrated furnace at the 
Edgar Thompson Works, Pittsburgh, America. (See Plate 5.) 
It was erected in 1886. The total height is 80ft. ; the diameter 
of the hearth lift. ; the diameter of the bosh 23ft. The bell is 
12ft. diameter, and the stock line 16ft. The cubical capacity is 
19,800ft. The bosh is protected by cooling plates inserted in 
the brickwork. The hearth is protected by water-cooled plates, 
which from their slanting position admit of a greater thickness 
of brickwork at the bottom. In the bosh are four rows of 
bronze cooling plates, eight plates forming the circle, and each 
plate having two water courses. In the two lower rows each 
plate is fed separately ; in the upper rows two plates are 
connected together. Cast iron cooling plates are also placed 
between the tuyeres. (Nowhere in English practice have I seen 
these cooling plates.) There are seven tuyeres, each six inches 
in diameter. The volume of air blown is 27,000 cubic feet per 
minute, which is heated to an average temperature of 1,200°. 
The pressure at the tuyeres is lOlbs. The Americans use two 
blowing engines to each furnace, and three brick stoves, all 
other accessories beiug the same as our English practice. 

It would be interesting to the members of this Association to 
compare the results of English and American practice, but this 
could not be efficiently done unless there was an exhaustive 
examination of all the varying conditions of each furnace, in 
each district under examination. Such a comparison would 
involve the most careful consideration of the richness of the ore, 
and its facility of reduction, (the richness involving the amount 
of material which has to pass through the furnace), the flux, the 
coke, the temperature, volume and pressure of air, the escaping 
gases, the slag and a host of other things, which would require 
minute investigation if a right conclusion is to be arrived at. 
In my present circumstances it is not possible for me to do this. 
It would also take too long to discuss the problem, as to how it 
is American furnaces produce five times as much iron as has 
been hitherto made in Cleveland from our poorer ore, and about 
twice as much as has been obtained from our haematite furnaces 
on the West Coast. Nevertheless, a general statement of what 
is being done in the various districts, and a broad comparison, 
may be useful to you. 
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CLEVELAND. 

Cleveland practice on Cleveland ores averages 480 tons per 
week, or 25,000 tons per annum, with furnaces 27ft. diameter 
and 85ft. high, using 47'6 cwts. of ironstone and 10'4 of lime, 
making 58 cwts. for every ton of iron ; the coke consumption 
being 19cwts. per ton of iron. A furnace will cast 850,000 
tons before relining; but it is expected in some instances to 
make 475,000 to 500,000 tons pig iron from one burning in 12 
years. The average Cleveland ore contains 80 per cent, of 
metallic iron. One firm in Cleveland is making as much as 700 
to 900 tons Cleveland iron per furnace per week, but with what 
consumption of coke I am not able to state. In working on 
haematite ores containing 50 per cent, of metallic iron, in 
furnaces 20ft. diameter, and 84ft. high, the out-put is 800 to 1,000 
tons per week in the best practice. The large furnaces where 
Cleveland iron is made, average 80,000 cubic feet capacity. The 
smaller furnaces where haematite iron is made, average 20,000 
cubic feet capacity. They usually use six tuyeres, 6 Jin. diameter 
at the nozzle, with 5£ to 71bs. pressure of blast, the temperature 
of the blast 1,400° Fahr. Cleveland ore has 30 per cent, of iron, 
Haematite 50 per cent. Limestone is used as a flux, and 
Durham coke as fuel. It is worthy of note that one Cleveland 
furnace has run 19 years without relining. 

CUMBERLAND. 

In Cumberland the average capacity of furnaces to top of the 
stock line is 14,000 cubic feet. They use six tuyeres, 5in. 
diameter at the nozzle, pressure of blast 5lbs. per square inch, 
temperature 1,200° to 1,400° Fahr., as required, average analysis 
of ore 50 per cent, of metallic iron. The flux is limestone, 10 
to llcwts. per ton of iron produced. Coke 19£ to 20£cwt. per 
ton of iron produced. (In this district they complain bitterly 
of the falling off of the quality of the coke.) The average make 
is 1,000 tons per week, and a furnace is good for five years 
without relining. 

LANCASHIRE. 

In Lancashire the capacity of furnaces average 20,000, cubic 
feet. They use six to eight tuyeres, with diameter at the nozzle 
4in., pressure of blast 8} to 41b s. per square inch, temperature 
1,200° Fahr., average analysis of ore 50 per cent, of metallic 
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iron, limestone flux, and K.H. coke, using one ton of coke to 
one ton of iron produced ; the average output is 650 tons per 
week, and the furnaces average five years before relining, but 
with special iron have lasted 13 years. 

WALES. 

In Wales they use seven tuyeres, 4$ in. diameter at the nozzle, 
with a pressure of blast 4£lbs. per square inch. The temperature 
of the blast is 1,150° Fahr. The ore contains 49*2 per cent, of 
metallic iron. They use 8-22cwt. of flux per ton of iron, and 
average 21'27cwts. of coke per ton of iron. The best output is 
910 tons per week, avefage 728 tons. A furnace will average 
140,000 tons before relining is required, 

LINCOLNSHIRE. 

As an apt illustration of the difficulty of making comparisons 
no better could be found than the Lincolnshire practice. For 
example, at Frodingham the stone is found near the surface, 
from 18in. to 20ft. of sandy soil covers a layer of ironstone 
varying from 8 to 15ft. thick. This layer includes several 
lesser layers varying considerably both in formation and com- 
position, from ferruginous soil containing 28 to 82 per cent, of 
iron, and 80 per cent, of silica, to a hard limey rock containing 
11 per cent, of iron, and 40 to 50 per cent, of lime. This large 
variation in composition renders very careful selection and 
mixing necessary in order to get a fusible burden. Hence the 
flux used is the silicious ore of Mid- Lincoln and Northampton, 
the native stone being too limey. The peculiar nature of the 
stone necessitates a special method of charging. It is put into 
the furnace raw, through a tube lift, diameter, which is open 
at the top, and goes 8 to 12ft. down into the furnace throat, 
the gas being taken from around the outside of this tube by a 
large downcomer in the usual way. This mode of charging is 
also necessary owing to the excessive moisture (sometimes up to 
80 per cent.) in the stone. The upper portion of the furnace 
containing the tube thus acts as a calciner. The furnaces are 
12,700 cubic feet capacity. They have eight tuyeres, 8J- to 4in. 
diameter at the nozzle. The pressure of the blast ia 2$ to 81bs. 
per square inch. The temperature is 1,300° Fahr. The out- 
put is 75 tons per day. Coke consumption 25Jcwts. per ton of 



THE MANUFACTURE OF IRON. 78 

iron. The ore averages 26 per cent, of metallic iron, and 78cwt. 
of stone are required per ton of iron. The furnaces are very 
variable as to duration before relining is required, but it is 
short compared with other districts. 

SCOTLAND. 

Here again there are very different conditions, many furnaces 
using 20 per cent, of coke and 80 per cent, of splint coal. The 
furnaces are 8,500 cubic capacity. There are 8 tuyeres 3 Jin. 
diameter at the nozzle. The pressure of blast is 4 to 4Jlbs. per 
square inch. Temperature of blast 1,200° to 1,800° Fahr, The 
ore contains 47 J per cent, of metallic iron, and requires 89cwts. 
of ore per ton of iron. The flux is limestone, requiring 6 Jcwts. 
per ton of iron. If one cwt. of coke is equal to two cwts. of 
raw splint coal, the consumption is 88 to 40cwts. per ton of iron. 
The output is 860 tons per week, and the average life of a 
furnace is 100,000 tons, before relining is required. 

AMERICA. 

The best American practice with the No. 8 Edgar Thompson 
Furnace is 810 tons per day. The best output for any one week 
2,462 tons. The monthly output is 8,000 tons. Average out- 
put of, say, 200,000 tons before relining. The coke 16*80cwts. 
per ton of iron. The ore is from Lake Superior, containing 68 
per cent, of iron. The coke from Connisville. The average 
American practice is not so good as this. What is the explana- 
tion of this great output ? The Americans have a good margin 
of profit, and an unlimited demand, hence the greatest quantity 
of iron is required in the least time. Then there is the stimulus 
to try and break the record. There is a wonderful spirit of 
emulation among the proprietors, the managers, and the men. 
It would be very interesting to discuss whether this great 
output is economical or not ? Is it more desirable or more 
economical, to drive a blast furnace at a speed of 2,000 tons per 
week, the wear and tear and all things considered, than to obtain 
that production in two furnaces ? These questions must be 
answered by those far better able to give an opinion than 
myself. Having seen these and other American furnaces, I 
must say I admire both the American plant and practice. They 
have had the run of England, and being a young country have 
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had our best practice to begin with, and on this they have 

improved, and it behoves us to see to it that we are not left 

behind in the race. 

STOVES. 

The subject of the blast furnace should not be left without 
some reference to one of its principal accessories, namely, the 
fire brick stove, by means of which the waste gases are burnt 
to the best advantage, the blast when passed through them is 
raised to 1,500° Fahr., a result which cannot possibly be obtained 
with the pipe stoves. The result is a larger production of iron 
and an economy in fuel. 

Plates 6 and 7 illustrate the stove invented by Mr. E. A. 
Cowper, M.I.C.E., which was one of the first, and is still one 
of the best. It is worked intermittently on the Siemen's re- 
generative principle. The stove consists of a cylindrical tower 
with a domed top, B, 40 to 65ft. high, and 26 to 28ft. diameter, 
built of fire brick, with an iron casing, I. A tube or flame flue, 
F, placed eccentrically within the stove, extends from the bottom 
to the spring of the dome, while the remaining space being filled 
with fire bricks forms the regenerator, R. The bricks are carried 
upon grids, supported by girders, P, so as to have a clear space 
at the bottom, which is accessible by the manhole, M. The gas 
from the furnace, introduced by the gas valve, G, to the burners, 
N, is burnt by the air supplied through the air valve, A, forming 
a body of flame in F, which descends through the passages of 
the regenerator, and passes out by the chimney valve, V. The 
brickwork of the regenerator absorbs heat from the flame until 
it reaches a maximum temperature at the top, when the whole 
is visibly red-hot to within a few feet of the bottom. The gas 
is then shut off, and cold blast admitted by the valve, C, is 
passed through in the reverse direction, which becoming heated 
in its passage, cools the brickwork to a corresponding degree, 
and is delivered as hot blast by the valve H. When the brick- 
work is cooled below a red heat for about three quarters of its 
height, the blast is stopped and gas is turned on to reheat it, 
and so on. Two stoves at least are provided for each furnace, 
one of which is on gas, while the other is on blast. The 
regenerator is filled with Cowper's honeycomb bricks. These 
are hexagonal tubular bricks two inches thick, with radial span 
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at the angles, which when piled in the stove give a series of six 
sided flues, with walls uniformly two inches thick. The top 
course is made with sharp edges to check the lodging of any 
dust. The ordinary way of cleaning the stove from dust that 
may have hung against the sides of the passages is to fill it with 
blast at the maximum pressure, and suddenly to blow it out by 
opening the throttle valve, T, or by firing a gun in the space 
below the girders. When cold, the flues may be brushed down 
from above from the space under the dome, which is accessible 
from the gallery and cleaning doors at the top. The internal 
angles of the honeycomb bricks are rounded, affording a passage 
which is found to be less liable to choke from deposit than that 
formed of the thin bricks placed on edge, formerly used. There 
are several other very good stoves, Whitwell's, Massicks' and 
Crooke's, Ford and Moncur, and others, all giving excellent 
results, and each claiming special advantages, but into these I 
cannot enter. 

Looking at the blast furnace plant and its accessories in the 
United Kingdom, and reviewing the practice as a whole, we 
may justly come to the following conclusions, viz. : — 

1. That successful working is secured through the abundance 
and use of excellent fuel. Even in districts where fuel is inferior, 
by careful washing and coking in ovens of the most modern and 
economical design, fair results are obtained. 

2. That the ores are for the most part easily smelted. 

8. That generally the furnaces and plant have been renewed 
recently to bring them up to modern requirements. 

4. That firebrick stoves are now generally adopted with 
excellent results, and that when cast iron heaters are still 
retained they are of modern type and large heating capacity. 

5. That the height and capacity of blast furnaces is regulated 
by the nature of the materials with which it is fed. With good 
hard coke high furnaces are more economical, requiring less fuel 
with greater production. Where there is only soft coke or coal 
it is essential to have low furnaces. 

6. That the pressure of blast must vary according to the 
work required. (In many cases increased blast has been tried, 
and although there was a slight gain in production there was a 
loss in fuel.) 
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7. The general opinion is in favour of a high temperature 
from l,200 c to 1,400° Fahr., and so far no economy has been 
found beyond this temperature. 

8. The number and size of tuyeres depends upon the 
materials with which the furnace is fed. Coke (hard) fed 
furnaces have an average of 6 tuyeres, with nozzles 4Jin. to Gin. 
In coal-fed furnace they have 7 to 9 tuyeres, with a smaller 
diameter at the nozzle. 

9. That where firebrick stoves are used there is a saving of 
fuel, and an average increase of production of 10 per cent. 

Into the question of the recovery of bye products I will not 
enter, although it is in successful operation in several places, 
and is becoming a very important feature in connection with 
iron smeltiog. 

The iron from the blast furnace, in the most modern works, 
is tapped into a ladle, and taken direct to the Bessemer converter 
where it is made into steel, this is poured into ingot moulds ; as 
soon as it is sufficiently solidified, the mould is stripped off, and 
the ingot put into the soaking pit, from which it is taken to the 
cogging mill, thence to the rail mill, and becomes a finished 
steel rail, cut to length, punched, and straightened, and all 
with the initial heat from the blast furnace. But I must refrain 
from speaking about steel as this paper has to do with iron only. 

The iron from the blast furnace in the majority of cases is 
run on to the pig bed, and as soon as it is sufficiently cool to 
handle, is sent to its destination in the form of pig iron. Each 
time the furnace is tapped about 20 tons of metal is run on to 
the pig bed. 

The pig iron is taken to the foundry, and after melting in the 

cupola is cast into any required form, or the pig iron is taken to 

the puddling furnace, and there converted into malleable or 

wrot iron. 

PUDDLING. 

The product of the blast furnace is cast iron (usually called 

pig iron), and to convert this into malleable (or wrot) iron, a 

reverberatory furnace is used and the process is called puddling. 

Briefly, this process consists in stirring about molten pig iron, 

on the bed of a reverberatory furnace, heated by a flame, until 

it becomes converted into malleable iron, through the decar- 
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burizing action of the oxygen of the air circulating through 
such a furnace. The general details of the construction of a 
puddling furnace are well known, and it is not necessary to 
describe them in detail; Plates 8 and 9 will give an idea of 
the construction ; the principal thing requiring care is, the grate 
area compared with the size of the furnace. 

The process of puddling is a very interesting metallurgical 
operation to watch, and may be described as including four 
distinct operations, viz. : (1) the smelting down of the charge ; 
(2) its incorporation at a low heat with oxidizing fluxes ; (8) 
the elimination of carbon by exposure to air at a high tempera- 
ture; (4) the balling of the metal ready for hammering. 

The working bed or hearth is usually covered with refractory 
slags rich in oxides of iron, about l£in. thick, all the sides of 
the hearth are covered with tap cinder (called bull dog), and the 
whole plastered over with red haematite made into a paste with 
water, and afterwards rammed well in. A charge is 4801bs. of 
pig iron of various qualities, and about lOOlbs. of hammer slag 
or iron scale ; this is placed on the bottom of the hearth. All 
being carefully closed up, the damper and fire in full force, in 
about a quarter of an hour the metal begins to soften; the 
man puts in his " rabble " and turns each piece over so that 
the flame can play on all parts, and so prevent any sticking to- 
the bottom of the hearth. The fire is then increased and the 
whole of the iron is melted, the puddler and his underhand now 
briskly stir the metal in all directions with the " rabble," the 
temperature being at the same time gradually lowered by the 
closing of the damper at the top of the stack, until the surface 
of the- charge has a covering of slag, thus protecting it from 
further oxidation by the action of the air passing through the 
furnace. The fire is then made up and damper raised, the 
molten metal presents the appearance of boiling, and is swelling 
up and rising rapidly, jets of blue flame escaping everywhere 
from its surface, and the metal being spurted up with consider- 
able force ; this shows that the formation of carbonic oxide must 
take place deep below the surface, owing to the oxidation of the 
carbon in the metal by the oxygen of the oxidised products of 
iron with which the bottom and sides of the hearth is lined. 
The metal now soon " comes to nature," that is producing pasty 
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otherwise in rolling they would tear, or prove unsound in 
working. 

Some firms have no puddling furnaces and manufacture from 
scrap. Wrot scrap iron is purchased from engineers and 
machinists, and boiler makers, cut to length, cleaned from all 
dirt, rust, Ac, and then piled on a wood board. In piling care 
should be taken to cross the joints as well as possible and make 
the pile solid. This pile is heated in a reverberatory furnace on 
a sand bottom, and when at welding heat is brought to the steam 
hammer and made into a bloom and rolled into a bar. This is 
cut up, piled, and reheated, as described in speaking of the 
puddled bar. This result is called a scrap bar, and is cleaner, 
tougher, and more reliable than iron made by the puddling 
process. Some firms, by repeated hammering, rolling, and 
reheating, make an exceedingly clean reliable scrap iron, suit- 
able for screws, fluted rollers, pinion wheels and other purposes, 
where it is essential that only the very best quality should be 
used. Scrap iron is softer and more uniform in quality than 
puddled iron, the latter however carefully worked is often 
" steely. " 

F0R6IN6S. 

In works where puddled iron only is made, forgings are made 
from this material. The puddled bars are cut to the length 
required and made into a pile (see Plate 12, Fig. 1). A. general 
size of pile is 15 inches wide, 18 inches long, and 18 or 20 
rows high, care being taken that a different width of bar is used 
in each row, so that all joints are crossed. Sevoral sue 1 : piles are 
put into the furnace, and when at a welding heat, are brought 
out singly to the steam hammer, and made into a slab (see 
Plate 12, Fig. 2). The dimensions of slabs vary according to 
the purposes for which they are required, an average size 
is 24 inches wide, 8 inches thick, and 36 inches long. To 
form say a shaft forging, as many of these slabs are 
put together as may be required for the purpose, say five 
or seven slabs ; in this case the three middle slabs would 
have a V piece cut out and when slabs are placed thus 
on each other it is called a faggot. This faggot is placed in the 
furnace, and in doing so care should be taken that a space is 
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left between each slab ; this is easily done by patting a few short 
pieces of iron between them, the object being to allow the 
flames to play freely between the slabs, so that the centres 
of the flat surfaces of the slabs may come to as good a welding 
heat as the outside edges ; want of attention to this little detail 
is the cause of many defective welds. The porter bar or staff 
is put into the furnace along with the faggot; this staff is 
.driven by a tup into the V place cut out of the slabs as described. 
Care should be taken that the staff is the right shape, and driven 
well in and firmly welded. The faggot and staff are then 
brought out of the furnace by means of a crane to the steam 
hammer and well worked. The mass of iron is heated again 
and again, and repeatedly forged, until it is sound and assumes 
the required shape and dimensions. If larger slabs are required 
and it is not convenient or desirable to make larger piles, several 
slabs are put together, say two, three or four ; these are heated 
and forged under the hammer into a large slab. Several of 
these large slabs are put together to form a large 'faggot. This 
is called double faggotting. Some firms make slabs direct from 
the puddled ball, but this is not so good as from bars. 

Other firms who use scrap only and have no puddling furnaces, 

roll wrought iron scrap bars, and pile and work them exactly 

the same way as has been just described for puddled bars. 

Forgings so made are very good, and much cleaner than if made 

of puddled iron, Most firms, however, buy wrought iron scrap, 

cut it to suitable lengths, have it carefully cleaned, all dirt and 

rust scoured off, and pile it upon a piece of wood. These piles 

should be carefully made, the pieces of scrap being well crossed 

and all spaces filled up with small scrap. The piles or scrap 

balls as they are sometimes called, are put into a furnace, and 

when at a welding heat are brought out singly to the steam 

hammer and thoroughly welded and forged into a slab (this is 

called " shingling.") The slabs are put together as a faggot 

and heated as before described, double faggotting being resorted 

to where necessary or desired. At all large forges a stock of 

slabs and blooms is usually kept on hand for cases of emergency. 

There is another method of making forgings which is very 

generally adopted, that is without putting the iron together as 

ot the object being to avoid any chance of the staff not 
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being welded to the faggot. A suitable porter bar or staff is 
selected according to the kind of forging required, and some slabs 
(say four) are put on the end to commence with (see Plate 18, 
Fig. 1), these are heated and welded under the hammer, the staff 
is then turned over and another lot of slabs are placed on the 
opposite side which are heated in the same way ; this process is 
continued until a large mass of iron is put together sufficient to 
round up sound, and forge into a shaft or any other forging. 
This method has always to be resorted to when the shaft is too 
long or too small in diameter to be forged from a single faggot. 
By both methods whether by faggot or laying up the staff, the 
object is to get a mass of sound iron together large enough to 
forge into the article required whether shaft, connecting rod, 
crosshead, &c, and this is done by repeated heating and ham- 
mering until it is perfectly sound and to the dimensions given. 
It may be interesting to you as engineers to know how a 
large crank, such as a marine crank is forged. Usually these 
are too large to be made from one faggot, therefore a suitable staff 
is selected (see Plate 18, Fig. 1) and made large enough by the 
addition of a few slabs as before described. It is then flattened 
down to receive other slabs as shown (Plate 18, Fig. 2 & 8). After 
making this side sound it is turned over and the process repeated 
on the other side, and this is done again and again on alternate 
sides until there is sufficient iron to commence forming the crank 
web (Fig. 4). Before proceeding further the staff should be set 
down to one side (see Plate 14, Fig. 1,), and balance weights put 
on the staff to enable the workmen to turn it easily, as without 
these this could not be done, the iron being on one side. If it is a 
large crank, too large to get the required width of web out of the 
slabs already put on, the forgeman now sets it down, or tapers it 
towards the part of the web where the crank pin will be and lays 
on side slabs (see Plate 14, Fig. 2). These slabs are broad and 
thin and should be as long as the web which is being laid up. 
The bottom edges of the slabs should be scarfed or thinned. 
After these are heated and welded a similar number are put on 
the other side, and this is repeated until there is enough iron 
together to form rather larger than the size of crank web 
required, and the grain of the iron runs in the direction of the 
dotted lines (Plate 14, Fig. 8). The whole is then heated and 
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welded up again ; this might be done and you would have 
confidence that the shaft was sound. This is a paper on iron 
therefore I must refrain from saying anything about forging 
steel. A forge requires good furnaces, strong cranes, double 
acting steam hammers, many miscellaneous tools, and skilled 
steady workmen. The furnaces are usually the reverberatory 
type with open grate, and with closed grates and steam jets, or 
the regenerative gas fired furnaces. The old fashioned rever- 
beratory open grate furnace is as efficient and economical as 
any, given a good furnaceman who knows how to keep the 
bottom and neck of his furnace the right shape, and how to fire. 
Cranes cannot be too strong to resist the constant jar and shake 
of the hammer. 

The hammer should be a quick-striking, double-acting steam 
hammer, able to '* strike while the iron is hot," and for this 
purpose should not be worked at too low a pressure. The steam 
is raised by the waste heat from the reverberatory furnaces ; if 
gas-fired furnaces are used, auxiliary boilers are needed for 
steam purposes. 

STAMPING. 

It would be difficult to define precisely, which operations in 
the blacksmith's forge, are comprehended under the general 
term of stamping. But it is generally understood to mean 
hammering between dies or moulds, and the tool commonly used 
is known as a drop hammer. (See Plate 17.) The operation of 
forging between dies has become of very great importance in * 
modern iron manufacture, and is largely practised in Birmingham 
and Leeds, by the agricultural machine makers of the midland 
counties, by a few of our leading machinists in this district. 
There is a very complete installation of tools for this purpose at 
the Enfield factory for the manufacture of parts of the ordnance 
required by our army and navy. In America the firm of Billings 
and Spencer of Hartford, and J. H. Williams and Co., of Brooklyn, 
are justly celebrated, having large establishments to make 
stamped forgings for the trade. The stamping machine replaces 
the labour of smithing, which is essentially manual, and depends 
upon very considerable skill on the part of the workman ; it is 
therefore very economical in its results, wherever it can be 
introduced. The chief condition for the economical introduction 
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of the process of stamping into any manufacture, is the demand 
for a great number of articles to be produced from one and the 
same die, so that the expense of producing the dies, which as a 
rule, are very costly, may be but a small item in the total cost 
of production. Generally speaking it will not pay to make dies 
for a less number than 500 forgings. The dies should be made 
of mild steel and then hardened for the large forgings, and of 
best cast steel for the small forgings. They should be made so 
as to release the finished article with the utmost facility. This 
to some extent depends upon the shape of the article, and should 
always form a consideration in the design of the article itself ; 
but, with a given shape, it then depends upon the method of 
dividing the labour upon the number of dies employed successively 
(as it can seldom be done in one die), and upon the proper 
removal of all surplus metal. Generally in making articles of 
intricate shape two or three moulds (or dies) are used in 
succession, each bringing the material somewhat nearer to its 
ultimate shape. All "fins" formed by the surplus metal should 
be carefully removed, which would interfere with the action of 
the following dies. In the manufacture of some difficult forms 
of stamped forgings, I have known them to have to pass through 
five or six successive stamping operations before they are finished. 
To decide how many moulds an article is to pass in succession, 
is a matter of practical judgment rather than of scientific 
reasoning. There must be ample opportunity given to the 
metal to accommodate itself to the shape into which it is to be 
brought ; the action of the dies, should be, as far as practicable, 
uniform over the whole mass, and the displacement of material 
as nearly as possible equalized. Abrupt corners and bends 
should be avoided, and should not exceed the size which the 
quality of the iron or steel under treatment is known to allow. 

Most here are doubtless familiar with the investigations of the 
late Mons. Tresca, on what he called the "flow of solids." I 
well remember hearing an interesting discussion on this subject 
arising out of a paper read by the late Mr. Daniel Adamson at 
Paris in 1878. Mons. Tresca spoke eloquently on this subject, 
which at that time was new to many who heard him. His theory 
is a great help in studying the action of dies, viz. : by observa- 

ns upon the changes in form which a pile of lead plates will 
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undergo when exposed to their action. The alterations of the 
superposed layers of lead, when brought between the dies, 
indicate the nature of the movements which take place through- 
out the mass operated upon, and point out the places in which 
to ease the exit of the material, and those in which the pressure 
is applied to most advantage. Such means for assisting the 
judgment in the shaping of dies for stamping is of the utmost 
importance and value, their absence having caused many a 
failure and thrown many a useful invention into disuse, where 
success might have been obtained. 

Forgings made by means of the drop hammer are too numerous 
to mention, but such as keys, parts of locks, parts of sewing and 
other small machines, parts of power looms and spinning 
machinery, small arms, single and double wrenches, lathe dogs, 
thumb - nuts, thumb - screws, pipe cutters, bushes, cramps, 
connecting rods, cranks, &c, &o. 

Amongst the most successful methods of making large forgings 
on this principle is that of M. Arbel. (See Plate 18.) He confined 
his attention almost exclusively to the manufacture of wrought 
iron railway wheels. He constructs a pair of dies to enclose the 
whole wheel complete; he piles up the wheel from numerous 
pieces hammered and stamped to the required shape beforehand, 
and he then adjusts all these pieces (which form his pile, and are 
heated in a furnace to a welding heat) to fit into the lower mould 
upon his anvil. The upper mould is then brought down with the 
hammer head, and the wheel is finished by repeated blows. This 
process has been worked for many years in France with great 
success. M. Arbel manufactures railway wheels of all dimensions, 
including locomotive driving wheels up to eight feet diameter 
by this process, and the solidity of the welds as well as the fine 
appearance of these forgings leave nothing to be desired. I 
believe wheels were made by a similar method to this for many 
years at Rotherham. But these will now be superseded by steel 
castings with a steel weldless tyre shrunk on to the rim. 

In the Manchester district each engineer, toolmaker, machinist, 
&c, clings to his own special design, even in small things, 
whereas if there were uniformity, many of the smaller forgings 
could be made by the drop stamp exact to size and shape, and 
at much less cost. 
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hydraulic forging press, which in the future will supersede the 
steam hammer for the production of massive steel forgings. It 
is more compact, occupies far less space, requires less founda- 
tions, and being self - contained the work is more evenly 
distributed. 

Plate 22 represents an hydraulic forging press at work at 
Messrs. Bessemer Limited, Sheffield. The principal merit 
claimed is, that the force pump and the main cylinder of the 
press are in constant and direct communication. There are no 
intermediate valves of any kind, nor has the pump any olack 
valves, but it simply forces its cylinder full of water direct into 
the cylinder of the press, and receives the same water, as it 
were, back again on the return stroke. Thus, when both 
cylinders and the pipe connecting them are full, the large ram 
of the press rises and falls simultaneously with each stroke of 
the pump, keeping up a continuous oscillating motion. The 
ascending motion of the ram is effected by means of the steam 
cylinder, which on the return stroke raises the ram, and forces 
the water back on to the pump plungers as they recede from 
each other. The press ram makes a stroke of 2 Jin., and its 
diameter is 80in., so that with a pressure, of three tons to the 
square inch there is a power of 1,700 tons. Why two such 
different forces as water and steam should be used in the same 
press I cannot understand ? It seems to have several objection- 
able features. A paper on this press, by Mr. W. D. Allen, was 
read at the 1891 September meeting of the Iron and Steel 
Institute, but there was no discussion whatever. 

Plate 28 represents a large hydraulic forging press, con- 
structed by Messrs. Davey Brothers of Sheffield. It has two 86in. 
pressing rams, A, and two 9in. lifting rams, B, having a common 
stroke of 7ft., whose cylinders are carried by four columns on a 
heavy entablature, C, of cast steel. The four rams are connected 
with the toolholder or crosshead, D, carrying the forging tool 
corresponding to the tup of a steam hammer, which is guided 
in its courae by side blocks fitting the columns, E ; but the 
connections are not rigid, spherical bearings being substituted 
in order to allow for the expansion of the crosshead by heat, 
when the press is at work. The hydraulic power is supplied by 
three Bin. single acting rams driven by two 84in. steam engines. 
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Their capacity is such that the crosshead is depressed half an 
inch for each revolution of the engines ; the lifter is raised 8in. 
at each revolution. The lifting and lowering of the tool when 
not in contact with the forging on the anvil is performed by 
water at 601bs. pressure per square inch, supplied by the pipe, F. 
The forging pressure is obtained by the pumps which supply the 
large rams with water at any pressure up to 4,8001bs. per square 
inch, by the pipe, G, the maximum effort being computed at 
4,000 tons. The pumps may be worked up to 60 strokes per 
minute, thus the press is nearly as quick in action as a steam 
hammer. The anvil and columns are carried on cast steel 
girders, H, somewhat similar to the entablature but heavier, 
which rest upon masonry foundations of considerable thickness. 
Other forging presses vary from the foregoing in only having 
one large pressing ram, and the lifting and lowering of the tool 
effected by mechanical means, and other minor differences. In 
all cases they work direct from the pumps, and the pressure 
varies from half a ton to the square inch for a light short squeeze, 
to 2$ tons to the square inch for a heavy squeeze, the length of 
stroke can be regulated quickly and to the greatest nicety ; they 
can be worked up to 40 strokes per minute, and with unerring 
certainty each time, so there is no difficulty in making forgings 
exact to size and quite straight, the press continuing each stroke 
exactly the same, unless the pressure is altered. Large pumps 
and accumulator are required to work the hydraulic crane, and 
various appliances connected with the working of the press. To 
watch one of these presses at work is far more marvellous than 
anything told in the " Arabian Nights." You stand by the 
press, and presently the top part of the anvil block, weighing 
many tons, silently glides away ! You look for the motive 
power, and notice a youth has moved the lever of the valve of 
an hydraulic ram connected with the anvil. The chain of an 
hydraulic crane now quickly descends, and is being fastened to 
the tool which requires changing, this is readily done, and the 
block as silently glides back to its place ! Your attention is 
now turned to a large mass of steel protruding from the furnace, 
it is a steel ingot 6ft. in diameter weighing 60 tons. Around 
the centre of this, and supporting it, is a massive flat endless 
chain attached to the blocks of a 100 ton overhead travelling 
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DISCUSSION. 



The President (Mr. O. B. Ooodfellow) expressed his appre- 
ciation of the value of the paper, and remarked that although 
perhaps there was little room for discussion upon it yet he 
should be glad to hear any questions upon the subject. 

Mr. E. G. Constantine observed that he had had the pleasure 
of seeing some of the processes described, and he had been 
much impressed by that of making the rails in one heat. It 
might be interesting to some of the members, he thought, if the 
author would inform them of the difference in the boiler practice 
of mills and ironworks. Once he inspected some egg-ended 
boilers, 65ft. long, at an ironworks, but it appeared as if the 
Lancashire type of boiler was being more adopted in ironworks 
than hitherto. Although these boilers were gas-fired, yet if lined 
with brickwork in the mouths of the furnaces, they seemed to 
give as good results as the egg-ended type of boiler. He should 
like to ask the author what had been his experience respecting 
puddling furnaces, and also if he were aware if anything had 
been done to cause more perfect combustion of fuel for the 
prevention of smoke. 

Mr. Hans Eenold was pleased to hear the remarks about 
stamping, as he was of opinion that it was a process not taken 
as much advantage of as was desirable. He thought that if a 
number of our tool-making firms would sink their individual 
crotchets and adopt a general standard for many of their 
machine details, such as screw keys, box keys, wrenches, single- 
ended crank handles, etc., etc., it would then be possible for a 
firm to take up this stamping speciality with a profit to itself, 
and a great advantage to the general machine making trade. 

This was no untried prophecy, because on his last American 
journey he had many proofs that a more systematic and much 
greater division of the work had become an absolute necessity 
in the present days of keen competition. 
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It might seem strange, but in his own work he had found it 
greatly to his advantage to procure some of these American steel 
stampings for keys, &c, and although a somewhat heavy 
carriage had to be paid he could get, at lower prices, the best 
designed article, and well adapted for their purpose. 

He was glad to hear the allusion made by the author to the 
marvellous work done by hydraulic forging presses. He would 
like to add that recently, while in Germany, he visited a place 
employing upwards of 8,000 men, women and boys, occupied in 
in the process of stamping and pressing metal in the cold state, 
which was carried to its highest perfection. This branch of 
manufacture was based on the fact that cold metal, Bessemer as 
well as cast tool steel, could be made to flow as desired, provided 
the pressure applied was great enough and did not move too 
rapidly; and when the metal became strained or fatigued it 
was restored by annealing before it was made to flow again. 
For the greater pressure nothing but hydraulic power was used. 

One of the most marvellous things he had seen in this line 
was the making of 10ft. long tubes, ljin. outside diameter, out 
of blank discs from 10 to 12in. diameter. 

He was of opinion that this also was a subject which ought 
to receive much more attention by the members of the Asso- 
ciation. 

Mr. John West (Ex- President) remarked that he was much 
impressed with the fact of the Americans always taking care 
to have sufficient boiler and engine power, which he thought 
was not a prominent feature in English practice. The trans- 
atlantic people seemed to steal a march upon the English in 
that respect, as they appeared to always have surplus power in 
case it were required. 

The author had referred to the recovery of chemical products 
from the blast furnaces, but of course for a long time that had 
been an important feature in the manufacture of gas. 

The President (Mr. G. B. Goodfellow) agreed with the 
author respecting the bad effects accruing from the mixing 
of steel and iron scrap, and said that every effort should 
be made to keep the two metals separate in order to avoid 
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As to blistering in iron plates there were a variety of causes, 
such as imperfect puddling, also where there was a rich iron 
giving off a thick slag which did not get away and was rolled 
into the plate, imprisoned gases, &c. 

In reply to Mr. Lowe malleable iron could not be mixed with 
wrought iron scrap and welded up, as, if possible, it was even 
worse than steel. 

A very cordial vote of thanks on the motion of the President, 
seconded by Mr. West, was passed to Mr. Webb for his paper, 
which he acknowledged, and the proceedings concluded. 
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DRY- AIR REFRIGERATING MACHINERY; 

ITS COMMERCIAL VALUE, 

BY 

Mr. W. G. Quicke, 

(Or Manchester.) 
READ SATURDAY, 26th MARCH, 1892. 



The growing importance and rapid development of the various 
systems of Dry Air Refrigeration during the past 18 years has 
revolutionised the food supply of this country ; and the ever 
increasing demand, not only for frozen meats, but for dairy 
produce and fruit, imports which necessitate the use of cooling 
machinery, all tends to encourage this branch of engineering 
industry; while vast tracts of hitherto uncultivated country in 
New Zealand, Australia, and River Plate, S.A., particu- 
larly, are now flourishing pasture lands and the centres 
of combined abbatoirs and freezing stores fitted with every 
requisite that modern invention can suggest for the preparation 
and export of frozen meats. 

Before entering upon the subject of modern machinery a 
short sketch of the early inventions and experiments may be 
an advantage. 

The principal object of earlier inventors appears to have 
been to produce ice artificially for commercial purposes, and 
although several had succeeded in producing ice in small 
quantities, nothing material was effected until early in the 
present century when Mr. Nairne discovered that by passing 
sulphurous acid into an exhausted receiver it had the property of 
absorbing aqueous vapour from air, and in 1824 John Vallance 
acting upon this property constructed a machine by which he 
circulated dry rarified air over water to be frozen. 

The heat and vapour of the water was absorbed by the air 
which passing into the receiver was in turn redricd by the 
sulphurous acid. 
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Edmond Carre improved this process by keeping the acid 
agitated by means of a lever attached to the air-pump. 

In 1834 the principle of compression was introduced by 
Perkins, who compressed ether, cooled it by water, and vaporised 
it in a refrigerator. 

Faraday's discovery in 1828 of the qualities of ammonia 
created considerable interest, as this gas possesses a much wider 
range of temperature for the production of ice, its boiling point 
being —87*3 F, and Ferdinand Carre availing himself of this 
property constructed an intermittent apparatus on the absorption 
principle, composed of a boiler in which the liquid ammonia 
mixed with water was evaporated, and a refrigerator immersed 
in a tank of cool water. The temperature, of the ammoniacal 
liquor in the boiler was raised to 284 Q F corresponding to a 
pressure of about 1501bs. per square inch. As the ammonia is 
given off it passes into the refrigerator, where, assisted by the 
cooling influence of the water, it is condensed by its own pressure 
to the liquid form. The boiler with its contents is then allowed 
to cool which removes the .pressure from the liquid ammonia 
causing it to re- evaporate and in so doing it absorbs heat from 
the water in the tank, converting it into ice. 

Doctor John Gorrie, of New Orleans, prosecuted some 
experiments on the compression and expansion of atmospheric 
air, and in 1845 he constructed a machine for the purpose, 
which consisted of a double-acting compressor pump, a worm 
or cooler, and an expansion cylinder and piston. 

During compression he injected cold water into the cylinder 
which reduced the temperature, the water passing with the 
compressed air into the cooler where it was drained off; 
while the cooled air entered the expander, acting upon the 
piston and returned a percentage of the power given out 
during compression. During expansion brine was injected, 
which loosing its heat to the expanding air was discharged and 
circulated around the vessels containing water to be frozen. 

In 1848 Professor Twinning, of New Haven, in the course 
of some experiments with ether discovered that by the evapora- 
tion of lib. of ether he obtained a little over lib. of ice from 
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-water at 82° F in addition to recooling the ether under com- 
pression. 

In 1850 he constructed a machine which consisted of a double- 
acting pump, a condenser, and a refrigerator. The ether was 
compressed into a condenser formed by a series of coils 
surrounded by cooling water, which liquified the gas, it being 
drawn by a vacuum pump into the refrigerator where it vaporisedi 
reducing the brine to below 82° F. This method of freezing the 
-water in iron moulds around which the cold brine circulates is 
precisely the system adopted to-day in ice factories on a large 
scale. 

In 1855 Harrison, of Australia, invented a process, the 
medium being ether and similar to Twinning's in principle but 
varying in detail ; and in 1857, Doctor Siemens made an 
improvement on Dr. Gorrie's machine, by which he purposed 
cooling the compressed air by the waste cold air from the 
expander. 

In 1859 Ferdinand Carre produced his continuous acting 
ammonia freezing machine on the principle of absorption, 
being an improvement on his intermittent apparatus. He 
added a feed connection to the top of the boiler and through this 
a continual supply of strong solution replenished the im- 
poverished liquid at the bottom, and as the heat drove off the 
aqueous vapours containing from 85 to 90 per cent, of ammonia, 
it passed through a condenser consisting of a series of coils 
surrounded by cooling water, where by pressure resulting from 
distillation and the cooling effects of the water it was liquified. 
The pressure on the boiler and condenser equalled 10 
atmospheres or nearly 1501bs., but on leaving the condenser the 
liquified solution passes into a regulator where the pressure does 
not exceed l£ atmospheres : from this it passes into the 
distributor and expands into the refrigerator, absorbing heat 
from the vessels containing water to be frozen, and returning 
vaporised into the absorber. It thus comes in contact with the 
condensed cooled water from the boiler, and being reabsorbed 
forms a fresh strong solution which is passed into the boiler by a 
special pump for the purpose, thus completing the cycle of 
operations. Although a cheap and simple contrivance, the 
machine was too expensive to work, requiring a very large 
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This machine was duplicated in all its parts, so that in the 
event of a breakdown one side could be worked while the other 
was under repair ; and Mr. Coleman in his paper read before the 
Institute of Civil Engineers in February, 1882, gives particulars 
of this machine, which was constructed with 4 vertical steam 
cylinders each lOin. diameter and 16in. stroke, placed above the 
crank shaft to economise room, and working with return 
connecting rods; the two compressors 16in. diameter, and 2 
expanders 12in. diameter, all 16in. stroke, were placed 
horizontally, the compressors behind the expanders in pairs to 
facilitate duplication. Mr. Coleman had adopted the injection 
principle, part of the water being injected into the compressor 
during compression, and part being admitted into a tower 
through a rose at the top, the air ascending through the 
perforated plates of the tower, meeting the spray of water, passed 
out through the side of the tower near the top into the drying 
pipes where the compressed air was subjected to a current of 
cold air returning from the rooms, as shown in part on Plate 1, 
Fig. 1 ; C being the compressor, the air instead of passing into the 
water cooler DD as shown, was passed into the tower fixed on 
the side of the machine, the top part of which was connected 
to the pipe E so that the tower was simply a substitute for the 
coolers and vice versa. An automatic ball trap was connected 
to the bottom of the tower to drain off the water accumulated 
from the compressor and tower, and the air passing up through 
the perforated plates deposited any moisture ; then entering the 
pipe E it passed into the drying pipes D P by the chamber I, and 
traversing the lower pipes into No. 2 returned by the top pipes 
into chamber 8, entering the pipe F it passed into the 
expander E X where giving out its heat behind a piston during 
expansion it was discharged, and entering the trunk G passed 
into the cold room H where the cargo of meat is stored ; after 
circulating through the room, or hold, the warmer air rising to 
the surface returned by suction through the apertures in the 
trunk A, and circulating around the pipes in D P, cooling and 
drying the air under compression, it returned by the pipe, B 
into the compressor to repeat the process. Drain pipes were 
fitted to the bottom of chambers 1 and 2 in D P. to draw 
off any water collected from the. air in the process, of ^drying. 
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We now come to the period of the combined Haslam Bell- 
Coleman machine, a diagram of which is given on Plate I., Fig. 1. 
The arrangement is in general similar to the Bell-Coleman 
machine, in so far as the position of the cylinders, and shape of 
the soleplate are concerned. The compressor C shown is that 
known as the Haslam, the cylinder and valves in each cover 
being encased by a water jacket ; the inlet and discharge valves 
M and N respectively, are shown in detail by Figs. 2 and 3. 
The inside portion of the cylinder covers are of phosphor bronze 
securely jointed to the cast-iron cover, and the water circulating 
as shown at W on Figs. 2 and 3, carries off the heat generated 
by compression. 

Figure 2 is a section of the inlet valve, which together with 
seat and cap are of phosphor bronze, a steel spindle being 
screwed and riveted into the crown of the valve, and passing 
outside the cover is fitted with a collar inside the guard G ; this, 
striking the rubber buffer I, cushions the valve at each lift, the 
steel spring ensuring a quick recoil. 

Figure 8 is a section of the discharge valve, which is 
completely enclosed within the cover, and is also of phosphor 
bronze, but the seat and guide are in separate parts, the tube of 
larger diameter to admit the spring being placed inside as 
shown. A small buffer spring is also fitted into the cap, and on 
closing the outside cover the setting up pin P is screwed 
against the metal disc shown in recess, thus retaining the valve 
seating in position, and by forming a thrust for the spring 
relieving the cap of the concussion of the valve. The compressor, 
as will be seen by Fig. 1, is fitted immediately over the water 
cooler DD, which is in form and construction similar to an 
ordinary surface condenser, the compressed air passing through 
the tubes and the cooling water circulating around them. The 
cold water enters at J from the pump and circulating through- 
out the cooler rises by the pipe K into the compressor jacket 
•where circulating throughout the cylinder and valve casings it 
finally overflows by the pipe L. The air drawn from the cold 
room H by the pipe B is compressed into the tubes of the cooler 
-where it is reduced in temperature to that of the circulating 
water, then passing by the pip9 E traverses the drying pipes DP, 
as already described for the Bell-Coleman machine. 
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Among the earliest cold air machines of modern date are those 
on Mr. T. B. Lightfoot's patent, and manufactured by the Linde 
British Refrigerating Company. These machines are on the 
surface cooling principle, the inlet and discharge from the 
compressor are regulated by circular slide valves worked direct 
from the crank shaft by eccentrics, as shown by Figs. 1 and 
2 on Plate 8. The compressed air is cooled in a metallic 
chamber in the soleplate, containing a series of tubes arranged 
so that the circulating water passes through them, the com- 
pressed air in contact with the exterior surfaces of the tubes, 
and precipitating the moisture held in mechanical suspension, 
the dried air enters a single or double-acting expander, 
also fitted with circular valves, where after developing power 
by expansion it is discharged. These machines are fully 
described in a paper read by Mr. Lightfoot before the Society 
of Engineers, in May, 1887. A machine of this type on 
the compressed duplex arrangement as Fig. 2 having 2 steam 
cylinders, 2 compressors, and 2 double • acting expanders, 
delivering 180,000 cubic feet per hour, is fitted on board the 
B.S. "Elginshire" for the carriage of 60,000 carcases of mutton, 
in the New Zealand trade, and this vessel is now on her home- 
ward voyage with the first cargo. 

One of the most unique cold air machines of modern date is 
that shown on Plate 15, made by Mr. B. Goodfellow, of 
Hyde. The compressor is water-jacketed, the inlet and delivery 
of air being effected by a series of drilled holes perforating the 
inner covers, regulated by circular flap valves on the principle 
of an ordinary air pump of a steam condenser. 

The valves of the expander are of the Corliss type, the discharge 
air leaving by the bottom valves direct into the snow box. 

In this machine Mr. Goodfellow dispenses with the drying 
apparatus, having increased the water-cooling surface to such 
an extent as to render the drying process superfluous. 

While the cold air machine for some years after its production 
by Messrs. Bell-Coleman enjoyed a monopoly in transporting 
frozen meats from countries beyond the equator, the system 
represented by the anhydrous ammonia machine had many 
supporters in the comparatively short run to and from the 
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run from Monte Video to St. Vincent shows the sea water varied 
from 78° to 84° for the condenser, yet the temperature in the 
holds was maintained at 20°, the pressure in the condenser 
averaging 1681bs., the brine varying from 14° to 18°, the 
machine averaging 105 revolutions. 

Similar successes have been obtained by the Carbonic 
Anhydride machine, as shown on Plate 10, manufactured 
by Messrs. J. & E. Hall. This is one of the most compact 
machines made for refrigerating purposes, occupying a very 
small space for the power developed. 

It is constructed on Windhausen's patent, and consists of high 
and low pressure steam cylinders arranged with the steam 
surface condenser between, in the centre of the soleplate, the 
tail rod of each steam piston connecting to a carbonic anhydride 
compressor. The coolers for the condensation of the gas, formed 
of copper coils, without joint, are fixed in the bed of the 
machine. A glance at the vapour tension diagram on Plate 11 
will serve to show the great pressure and corresponding strength 
required of this machine. There is however, no difficulty in 
obtaining an ample margin of strength, for the quantity of 
gas circulated being small the pipes and parts of machine 
are of very small bore. By means of a coupling shown on the 
tail rod, each compressor can be disconnected, and the whole 
arrangement, with the double sets of coolers and refrigerators, 
forms two entirely independent machines. 

The coils of the refrigerator are of wrought iron, made 
without joints, and contained in a wrought iron casing, in 
-which the brine circulates. 

The action of these machines is precisely the same as that of 
ammonia machines. The refrigerating effect is transmitted to 
the holds by the circulation of the cooled brine through pipes 
fixed in the top of the meat holds. The compressors in these 
machines are remarkable, being made of forged steel, and bored 
out of the solid, indeed, no parts subject to the pressure of the 
gas are made of cast iron. 

The machine described above indicates 65 horse-power, and 
is sufficient to refrigerate a space to carry 50,000 carcases o 
mutton. 
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indicates the pressure and temperature required to liquify 
anhydrous ammonia. 

In the beginning of August of the same year the New Zealand 
Refrigerating Company opened their works at Burnside, near 
Dunedin, in Otago, New Zealand, and this was the first meat 
freezing installation erected for export in that colony ; as prior 
to this the carcases were frozen on board the ship in special 
rooms before storing in the holds. 

The buildings at Burnsido consisted of slaughter-house, 
cooling and freezing rooms, and store for carcases when ready 
for shipment. The machinery was supplied by Messrs. Haslam, 
haying a capacity of 60,000 feet of air per hour, and consisted 
of one steam cylinder, two compressors, and one expander, 
indicating about 70 horse-power, and at the official trial the cold 
air registered from —75° to —80° F. These works were capable 
of freezing 300 carcases per day, and since that time the export 
of frozen meat from New Zealand to London has been the 
largest of our colonies ; freezing stores and abbatoirs are now 
being erected at all the important centres of the country, as 
Invercargill, Christchurch, Timaru, Oamaru and Wellington, 
and also a very extensive plant for the North British and 
Hawkes Bay Freezing Company, at Napier, where Messrs. J. & 
E. Hall have fitted up a machine of the type shown on Plate 10, 
with all the latest and most modern appliances on their new 
system of radiation. And in Australia at Melbourne, Sydney, 
Brisbane and Bockhampton, large works are erected for the 
exportation of frozen produce. 

About the same time the Burnside Works were opened in 
New Zealand, the River Plate Fresh Meat Company opened a 
similar but more extensive plant, also on the Haslam cold-air 
system, at Campana, near Buenos Ayres, South America, to 
which was added subsequently two other machines of the same 
class, increasing the storage capacity to 50,000 carcases, and 
freezing 1,800 sheep per day, with a consumption of about 
13 tons of coal. 

Early in 1890 further additions were made to this already 
large plant, by a machine on the ammonia system manufactured 
and erected by the Kilbourn Company, of Liverpool, to work on 
four rooms, having a total capacity of 94,100 carcases of sheep. 
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This machine comprises a horizontal compound tandem surface 
condensing engine, geared 2 to 1, to 2 horizontal ammonia 
compressors running 45 revolutions per minute. A wrot iron 
tank contains two tubular ammonia condensers and two strong 
wood tanks contain two tubular refrigerators fitted in steel shells ; 
there are four pair of vertical double acting pumps driven by 
gearing and belting ; two for brine circulation and two for cooling 
water to the condensers, and one 8 horse-power auxiliary 
vertical engine for working the brine pumps when the tempera- 
ture is so low that the machine can be stopped. By permission 
from the Kilbourn Eefrigerating Company the following extracts 
taken from letters extending over a period of eight months received 
by them from their representative who fitted up the plant at 
Campana, may be interesting as showing the method of working 
this system at the export stores. The machinery was started 
on the 6th April, 1890, and on the 20th May following he 
writes : — 

" The sheep killed on Monday are hung in the freezing room 
during the afternoon, and after 22 hours freezing are taken 
out and packed in the deposit chamber to make room for the 
second day's killing, and so on for six days, Saturday's sheep 
being taken out on Sunday, when the machine is stopped for 
cleaning until Monday mid-day when the week's work begins 
" again. 

" At the end of 24 hours working the temperature in the 
" freezing room varies from 9° to 12°, the ingoing brine being 
" about —5° and the return brine —2° to —8°. 

" On the sheep being taken out the temperature falls rapidly 
to — 6° and — 7°, and when the fresh killed sheep are put in 
the thermometer rises to about 25°, when it gradually falls 
" until in 23 or 24 hours it is again at —5°. On two occasions 
" when the sheep were being taken out the thermometer has 
" been at 0°, the ingoing brine —16° and the return —13-5°. 
" At this temperature I have stopped the machine for three or 
" four hours." 
In another letter he says : — 

"In charging the machine I used 17 drums of ammonia 
" which seems sufficient for the next 12 months, as the gauges 
<# do not show any loss. The two freezing rooms and three 
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" deposit chambers have been in constant use since completion, 
,c freezing 1,700 sheep per day. . . . We have had 86,000 
" sheep in the deposit chamber at one time, the temperature being 
" easily maintained at from 9° to 10°. The coal consumption 
" of this plant, including a dynamo for lighting the rooms and 
" two blowing fans, is 8'5 tons per 24 hours, and the cooling 
" water during the hot season ranges from 85° to 90°." 

Messrs. Eastman, Limited, have a cold store at Dublin 
having a capacity for 2,500 carcases, representing a total of 
6,285 cubic feet. 

The machine for this work is a single compressor, Kilbourn 
type, driven by a 4-horse-power Otto gas engine, the ammonia 
condenser is vertical with upright iron shell, and the liquid 
ammonia is stored in a reservoir and expanded direct into the 
pipes suspended from the ceilings of the cold rooms, thus 
dispensing with the brine tank. 

At the present time there are many large stores for the 
reception of frozen meat in London, among the earliest being 
those in the West India and Victoria docks (particulars of which 
are given by Col. Martindale in the discussion on Mr. Lightfoot's 
paper read before the Institute of Mechanical Engineers in 
1886), and the vaults below Smithfield market, where 60,000 
carcases can be packed away. 

Connected to the latter store are four Haslam machines 
having a total delivery of 240,000 cubic feet. Messrs. Nelson 
Bros, have also an extensive cold storage beneath the Cannon 
Street Eailway Station, which is elaborately fitted with every 
modern convenience for the trade in frozen meat. 

In 1886 the City of Glasgow Corporation erected extensive 
chilling rooms in connection with the abbatoirs at York Hill 
Wharf, The plant consists of a Haslam compound duplicate 
surface condensing machine of 110,000 cubic feet delivery per 
hour. The chilling rooms are of similar construction to those 
at Woodside, Birkenhead, with overhead rails, and every con- 
venience for hanging 600 sides of beef, the total capacity of the 
rooms being 45,000 cubic feet. 

A similar installation was laid down at the Deptford foreign 
cattle market by the City of London Corporation in 1889. An 
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by H.M. Government in making ice, the S.S's. " Amethyst, 
" Latharna," and hospital ship " Bulimba," and each of these 
ships were fitted with a Haslam 40,000 cubic feet machine, 
having a steam cylinder 18in. diameter, air compressor 22in. 
diameter, and expander 17in. diameter, all 22in. stroke. The 
" Bulimba " was fitted in the 'tween decks with meat rooms of 
40 tons capacity, ice- making room, and a store capable of holding 
a reserve of 15 tons. The ice room was fitted up as shown in 
part by Figs. 7 and 7a on Plate I., the buckets used being of 
galvanized iron, circular in form, and having a conical centre 
tube rivetted to the bottom thus exposing a larger surface to the 
cold air, and to prevent unequal expansion a loose cover fitted 
on each one as shown on Fig. 7. 

The cold air forced by the machine through circular apertures 
in the trunk Q passed up through the centre tube of each 
bucket and permeated the room, the heat and vapour from the 
water being drawn away through the trunk A. Special 
arrangements were also made on this ship to distil the water 
for ice-making purposes, which was pumped into a tank on the 
bridge deck, and connected to the refrigerator engine room by 
a galvanised iron pipe terminating in a length of rubber hose 
and fitted with a nozzle cock. 

The hose was passed into the ice room through a square 
aperture unplugged for this purpose, and by this means the 
buckets were easily and quickly filled, the distilled water 
entering at from 90° to 110°. 

During the month of June, 1885, the temperature on deck 
registered from 100° to 106 Q in the shade, and that under double 
awnings, the refrigerator engine room standing at from 125° to 
180° with bulkheads down and hatches open, the quantity of ice 
given out to troops and ships averaged 2 tons per day, working 
the machine 18 out of 24 hours ; this included keeping 
provisions, fruit, &c, for the hospital. 

The steam averaged 601bs., cutting off at £ stroke and running 
90 revolutions, exhausting on the main engine condenser 
and indicating about 90 horse-power : the air pressure averaged 
491bs. at lOin. cut off in the expander. The cooling water 
registered 94° and snow box averaged — 25*, the ice room 
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either the ammonia or carbonic anhydride machine. But on 
the other hand, temperatures below zero are not necessary for 
the importation of frozen meat, and as shown by the Kilbourn 
machine, recently erected at Campana, temperatures ranging 
from 10° to 5° were effectually maintained on a comparatively 
small consumption of fuel. 

In the carbonic anhydride machine, as shown on Plate 10, 
we have a most compact arrangement, and great power of 
refrigeration in a comparatively small space, a cold-air machine 
having the same refrigerating power occupying double the space. 
Another instance of the efficiency of the chemical machine, 
in this case on the direct expansion system, is demonstrated at 
Messrs. Eastman's Stores, Dublin, and already noticed under 
cold stores. There are two insulated rooms and a large show 
case, having a total capacity for 150 tons of meat, and this 
work is effected by a 4 horse-power Otto gas engine, which 
drives, by a belt, a small Kilbourn machine, having a single- 
acting ammonia compressor. 

With regard to the commercial value of refrigerating 
machinery, this is based upon the imports brought into the 
country by means of refrigeration, whether cooled, chilled, or 
frozen, since the year 1880 inclusive, and the following returns 
taken from figures obtained from the Statistical Department 
and by the courtesy of the New Zealand Loan and Mercantile 
Agency Company, will serve to show the value of this branch 
of engineering to tbe nation. (See following tables.) 

It will be seen by these figures that the total value of imports 
from all sources in the year 1880 amounted to nearly two 
millions, and in the year 1891 to nearly seven and a half 
millions, making a total increase in eleven years of five and a 
half millions, and the total value for the eleven years inclusive 
to over forty-four and a half millions sterling, or 275 per cent. 
Although the frozen meat trade was not inaugurated until 
1879 when Mr. Coleman brought the first cargo from New York, 
we must not omit the fact that ether and ammonia machines 
had been bringing chilled cargoes before that date, but the 
machines were not so efficient as those of to-day, and the results 
were consequently not always satisfactory. The cold- air 
machine was the means of opening up the frozen meat trade 
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with Australasia, and so rapidly had it gained pre-eminence that 
in 1880 both beef and mutton were brought from Australia, and 
in 1882 New Zealaud contributed the first consignment of 
mutton, the River Plate Fresh Meat Company following in 1888, 
and since that time New Zealand has continued to send into 
this country the largest proportion of meat next to the United 
States ; and that this is not likely to be reduced is shown by 
the proceedings at a meeting of the Dunedin Chamber of Com- 
merce, published by the " Otago Witness " in December last, 
when the President, Mr. A. S. Paterson, in reviewing the 
exports of that Colony gave the frozen meat exported per 
annum as equivalent to 2,000,000 sheep, 10 per cent of which 
is beef, leaving 1,800,000 sheep and lambs exported from a 
total flock of 17,000,000 sheep, about 11 per cent., and that 
nfter feeding the population of the Colony; and yet there is 
an increase per annum of 638,000 sheep, or about 4 per cent. 
It may not be uninteresting to mention here that the New 
Zealand Shipping Company ai ranged to dispatch a vessel from 
New Zealand ports direct to Liverpool in February last with 
frozen meats and dairy produce, and on the 17th inst. this 
ship, the S.S. " Duke of Buckingham," arrived in Liverpool 
with a cargo comprising 83,708 carcases of mutton and lamb, 
403 quarters of beef, 878 packages of butter, and 445 packages 
of cheese, all in excellent condition, the meat alone weighing 
828 tons, valued at upwards of 88,646 pounds sterling. The 
importance of this departure to the industrial population of 
Lancashire cannot be over estimated, and in view of completion 
of the Ship Canal the development of this direct trade will be 
of the greatest importance to Manchester. 

Of the refrigerating machinery employed in ice works, curing 
factories, dairies, chemical works, breweries, in cooling chocolate, 
and in the process of candle-making and other industries it is 
impossible to obtain the value for so limited a paper, but some 
idea may be formed of the magnitude of this industry when it is 
seen that about 750 cold air machines have been made in Britain 
since 1879, representing an aggregate of 44,000,000 cubic feet 
delivery per hour. Of this number Messrs. Haslam & Co. have 
alone constructed 400 machines equivalent to 25,000,000 cubic 
feet per hour. 
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Of the ammonia and similar machines, these are more difficult 
of access, but the Linde Company have produced 1,448 machines 
on this system, and the De La Vergne Company upwards of 
500, those under the Kilbourn patents amounting to a con- 
siderable number. 

The New Zealand Loan and Mercantile Agency Company in 
reviewing the imports for 1891, note the consignments for Eiver 
Plate amounted to 1,129,571 carcases, against 1,138,682 in 1890, 
showing a falling off: of this amount 58,495 carcases were 
consigned to London, 29,000 to Cardiff, 18,860 to Glasgow, and 
923,716 to Liverpool, against 1,009,085 in 1890 to the latter 
port. 

The importation of mutton and lamb from Australasia in 1891, 
amounted to 2,227,463 carcases, against 1,740,215 in 1890, 
being an increase of 126,878, or 60 per cent, from Australia, 
and 360,370, or 23 per cent, from New Zealand. Importations 
of beef from Australia show an increase of 13,602 pieces, and 
from New Zealand 13,316 pieces for 1891. During 1891 stocks 
reached 220,000 carcases, and towards the latter part of the 
year, it was difficult to find storage at all, yet the tendency is to 
increase the size of machines, and to allot a larger portion of 
cargo space to the importation of refrigerated produce. 

The author has endeavoured in the foregoing pages to give as 
much practical information as the limits of this paper will 
permit, drawing upon a practical experience with cold air 
machines, both at home and abroad, largely aided by those 
gentlemen and firms who have so kindly contributed by both 
information and the blocks of their respective machines for 
illustrations, for which he is much indebted ; and the object of 
this paper will have been attained by creating a discussion and 
interest in a class of machinery that will one day form an 
important factor in the importation of refrigerated produce to 
the extensive docks of Manchester. 



ISO DRY-AIR REFRIGERATING MACHINERY. 



DISCUSSION. 



Mr. W. J. Jenkins, in opening the discussion, remarked that 
he did so with great pleasure, as he was recently much interested 
in the description of a journey of some friends of his who returned 
from the West Indies in one of the Royal Mail Steamship Co.'s 
steamers, and who were highly satisfied with the plentiful supply 
of fresh meat and other luxuries they got on the voyage, chiefly 
owing to the efficient working of a cold-air refrigerating machine 
on board. The meat and fruit for the round trip were shipped 
in England, and carried right through the tropics and back 
without damage. 

He had taken great interest for years in the compression of 
air, and in the transmission of power by its aid, and his remarks 
would therefore deal more particularly with the compressors. 
For the purposes of the discussion he had borrowed from Mr. 
Quicke an original set of diagrams very similar to those on 
Plate 4, but better in some respects. They were taken from a 
110,000 cubic feet machine, by Messrs. Haslam, with a Bell- 
Coleman expander. The first point of interest was of course 
the compression curve ; he had been in the habit for some years 
of working out the index of the curve given by the formula 

PV ^ = a constant 
from every diagram he could obtain, and had seldom found Y 
lower than 1-3, that is — 

PV 13 = a constant 
with ordinary water-jacket cooling without injection, but having 
noticed the extreme care taken to make the cooling effectual, as 
shown on Plate 1, by the use of bronze false covers, provided 
with circulating spaces W, inside the ordinary end covers of the 
cylinder he was expecting a considerably better figure in this 
case. The result, however, was not so much different as might 
have been expected, for the index was 1*284, showing a con- 
siderable saving over the adiabatic curve for air, where the index 
was 1*408, but not reaching so low a figure as 1*25, which was 
generally taken to represent the minimum under ordinary 
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by the same weight of air, if under the same pressure, is 
inversely proportional to the absolute temperature, then the 
calculation can easily be made. For example, if the ratio of 
the compressor to the expander was 1-562 : 1, and the inlet 
temperature 60° F. (= 520° absolute) the temperature after 
expansion to atmospheric pressure would be : — 

1-562 : 1 : : 520° : 888° absolute, 

and 888° absolute = 460 - 888 = - 127° F. 

The actual snow-box temperature by thermometer was — 81° 
a difference easily accounted for by slight excess of pressure in 
the expander to force the air out, and consequent friction and 
heating, also by the heat set free during the formation of ice 
from the moisture in the air. 

The chemical machines seemed to be much more economical 
than the air machine, but the latter had advantages as regarded 
safety, for it would be highly dangerous if either the ammonia 
or the carbonic anhydride machine broke down during a voyage 
so that the gases escaped, whereas the air would hurt no one. 

The reason for the greater economy was clear. With the 
chemical machines a great weight of cooling agent would be 
circulated and the temperature need not be so exceedingly low, 
but with air a large expenditure of power was necessary to set 
in motion a very small weight of air, and unless that smaller 
weight had a proportionately lower temperature the effect 
would be insignificant. 

Mr. E. G. Constantine said he might mention that before the 
present system of dry-air refrigerating machinery was intro- 
duced, one of the earliest methods adopted was that of having 
a draught of cold air passed by a fan through an ice chamber 
into the chamber containing the meat. Each hold was fitted 
with two or three ice chambers. 

Mr. E. J. H. Sayers asked if the author could state the actual 
cost per carcase, or per lb., for conveying refrigerated meat from 
New Zealand to England, also what it cost on arrival for storing 
in stores fitted with the most perfect system of machinery. 
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The proper form of lubricating air compressors was by an 
automatic apparatus, connected to any moving part of the rods, 
using Englebert's oil. The author found no difficulty with the 
Haslam compressor, and the oil would only burn on when 
lubrication was neglected, after which nothing but a thorough 
cleansing of the parts would free them from clogging. 

Replying to Mr. Sayers, the freight per lb. from New Zealand 
and Australia was : beef Id., mutton and lamb ^£d., butter l-^d. # 
cheese Jd., and fruit 4s. per case containing an average of 50 lbs. 
Storage can be obtained in London at |d. per lb. per month ; 
Liverpool Jd. to ^^d. Freights were not fixed, prices fluctuating 
with the season and market, but these quotations applied to any 
of the principal ports of the United Kingdom. 

In conclusion Mr. Quicke thanked the members for their 
attention and reception of the paper, and also took the oppor- 
tunity to thank Mr. West for his kindness in encouraging and 
promoting the success of the subject. 

On the motion of Mr. T. Ashbury (past-President), seconded 
by Mr. E. Marshall, a vote of thanks by acclamation was 
passed to Mr. Quicke, who briefly acknowledged the same, and 
the proceedings concluded. 
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empire. Large quantities of it were produced for a long time 
in Damascus, and imported through Greece into Europe, where, 
during the middle ages, one of the names for paper was Charta 
Damasce?ia. 

The manufacture of cotton paper in Europe was, as was 
natural, first established in those countries which were most in 
contact with Oriental influences, as in Spain by the Moors, and 
in Italy through the Arab occupation of Sicily. As the industry 
spread further north to districts where cotton was not to be 
found as a natural product and was not imported, other sub- 
stances had to be pressed into the service. Hence arose the 
use of rags, first woollen, then linen, which extended until linen 
and flax fibres formed the staple material. The earliest notice 
we have of rag paper is a reference in a work of the twelfth 
century, in which woollen rags are probably meant. Linen 
paper was first made in the fourteenth century, when paper- 
making had become an established industry in northern Europe, 
and about the same period, according to some authorities, 
water-marks were first introduced, the Oriental papers not 
having had any. Mills were started in Germany in the four- 
teenth century, and in Holland a little later, and by the middle 
of the fifteenth century the use of paper for all literary purposes 
had gradually superseded vellum. 

PAPER MAKING IN BRITAIN. 

Paper was in very general use in Britain at the beginning of 
the fourteenth century, but there is no evidence that it was 
manufactured in this country before the beginning of the 
sixteenth century; one, Tate, who set up a mill at Hertford 
about that time, being the first known paper-maker in England. 

Paper-making does not appear to have been introduced into 
Scotland till 1675, when a mill was set up near Edinburgh, on 
the water of Leith, but there is reason to conclude that this 
mill was not continued, and the manufacture of paper in 
Scotland was not successfully begun until the middle of the 
eighteenth century. 

MATERIALS REQUIRED FOR MAKING PAPER. 

Down to 80 years ago, rags — cotton and linen — and mill wastes 
formed the staple material of paper-making ; but the largely 



1?aper-Making Processes and Machinery. 146 

paper containing it is very liable to become discoloured by the 
action of air and light, and the fibre is, moreover, devoid of 
much felting power, and has little in fact to recommend it but 
its comparative cheapness. It is, nevertheless, used in large 
quantities, some cheap papers being made entirely from it. 

The manufacture of wood pulp from white pine timber has 
increased in Norway from about 20,000 tons in 1880 to 150,000 
tons in 1887, and during the last five years there has been a 
great augmentation. It is said on good authority that more 
than two -thirds of all the wood-pulp made in Scandinavia is 
imported into Great Britain. Wood-pulp is largely used in 
America, but there poplar wood chiefly forms the raw material, 
and it is claimed that it gives better results than pine. 

STRAW PULP. 

Straw has been used for paper- making for many years, and a 
book was printed in Loudon in 1801 on paper made wholly from 
straw, but in general this material is mixed either with rags or 
esparto, as it produces a very brittle paper when used alone. 
Many other fibres are employed in paper-making, among which 
may be mentioned jute and hemp — chiefly in the form of sacking 
and old ropes — for brown paper, peat, bamboo, sugar-cane 
refuse, China grass, sunn, pine-apple, New Zealand flax, yucca, 
aloe, and the common nettle, which possesses a strong fibre 
somewhat akin to flax, but the use of some of these is chiefly 
by way of experiment and calls for merely passing notice. 

INDIAN GRASSES. 

Of recent years several paper mills have been established 
in India, chiefly for the manufacture of the commoner papers 
from jute. Some of these mills are large and successful, paying 
dividends from 10 per cent, to 16 per cent, per annum over a 
course of years. Some of the Indian newspapers ask : Why 
should not India ere long supply paper to Europe as it now sup- 
plies manufactured jute ? But owing to the cost of chemicals, 
coals and transport, it is not likely that paper could be exported 
to Europe at a price to compete with home manufactures. 

Experiments have also been made in the use of rhea grass 
with the object of establishing mills in Australasia, but they 
have nc£as yet been very successful. 
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PROCESSES NECESSARY FOR PAPER PRODUCTION. 

While the processes necessary for the production of paper 
vary much in detail according to the nature of the materials 
employed and the class of paper intended to be produced, they 
are all based upou the same general principles, and they may 
be divided iut'j three main groups : First, the complete separa- 
tion of the fibrous parts of the raw material from the cellular 
portions which, combined with them, go to make up the entire 
plant ; second, the reduction of these fibres to the condition of 
a fine pulp ; and third, the transformation of this pulp into 
paper. 

It is evident that those materials, such as bleached cotton 
and linen thread and rags, which have already undergone 
treatment by the textile manufacturer and in which the fibres are 
therefore more or less completely isolated, require but little 
chemical treatment at the hands of the paper- maker, whose 
attention is therefore chiefly directed to the removal of such 
substances as size, grease, etc. In other raw materials, such 
as esparto, straw and wood, there are in addition to the fibrous 
compounds which form so to speak the groundwork of the 
material, a certain proportion of silica, also gummy and resinous 
matters, the removal of which has to be brought about. 

PICKING AND SORTING. 

The first stage in the process of manufacture is that of picking 
and sorting the raw materials. In the case of rags, which vary 
greatly in quality, from clean, almost unused, portions to the 
very foulest descriptions, the first thing to be done is to sort 
and cut them into pieces of a convenient size. 

The cutting may be done either by machine or by hand, but 
the latter is preferred by many manufacturers, especially for the 
finer classes of paper, as by it more perfect removal of impurities 
can be effected. This work is almost invariably performed by 
women, who stand at tables into which broad knives are fixed. 
Each worker is provided with a number of boxes, into which the 
different qualities of rags are put. The sorting is done on 
purely arbitrary lines, the colour and the material of which the 
rags are composed being the guiding features, and all foreign 
substances, such as buttons and hooks, are carefully removed. 
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A rag cutting machine is very simple ; the material is passed 
along a table at the end of which is a fixed knife, beside which is 
a revolving drum carrying three or more knives on its rim, and 
as the rags are pushed forward they are caught between the 
knives and cut up. A similar machine is also used for chopping 
up ropes. 

For the removal of dust and all loose extraneous matter, the 
rags are generally passed through a machine known as a com- 
bined willow and duster. In the willow there are two revolving 
drums with teeth by which the rags are beaten, after which they 
are passed into the duster, which slopes, so that, as it revolves 
the rags travel along and are discharged at its lower end, and 
the frame being also fitted with teeth, the dust is pretty well 
driven out by the time the rags are discharged from it. 

Raw fibres, such as esparto and straw, are passed through a 
similar machine and are also subjected to a preliminary picking 
process, all root ends and weeds and other foreign substances 
being carefully removed. This is known as dry picking, to 
distinguish it from a subsequent picking which the materia 
sometimes undergoes after it has been boiled. 

BOILING. 

Rags, straw, ropes and waste for the commoner classes of 
papers, are generally boiled in spherical boilers which are made 
to rotate and thus circulate the liquor, the lye and steam being 
admitted through hollow journals. 

The jclass of boiler used for esparto is an upright fixed boiler 
constructed upon what is known as the vomiting principle. In 
this boiler the steam is admitted from the top by a pipe, which 
passes right down the centre inside a larger tube and through 
the false bottom of the boiler, and by its action the lye which 
has percolated through the grass in the boiler to the space below 
the false bottom is forced up the wide pipe, and striking against 
the dome at the top is distributed over the surface of the grass. 
In this way a constant circulation of the lye is kept up. 

Several patent boilers on this vomiting principle have been 
introduced. Of these Sinclair's is perhaps as well known as 
any. It has two vomiting pipes made of thin steel plates and 
rivetted to the sides of the boiler. The liquor when forced up 
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the vomiting pipes is distributed through perforated plates over 
the grass in a number of fine jets. In Boeckner's patent boiler, 
another modification, the vomiting pipe is outside the boiler. 

The alkali employed in boiling, which is necessary for the 
removal of the resinous matters contained in the raw material, 
may be in the case of rags, caustic lime, caustic soda or car- 
bonate of soda, but in the case of esparto and of straw, caustic 
soda is alone used, as lime forms insoluble compounds with the 
non -cellulose portions of the grasses. The proportion of caustic 
soda used is about 10 per cent, of the dry weight of the raw 
material, and this is first dissolved in water and introduced as 
a lye into the boilers. The steam is used for the purpose of 
raising the temperature, the necessary circulation of the liquor 
being produced in the manner already described. It is found 
that it is possible by increasing the pressure of the steam to do 
with a smaller proportion of caustic acid, or vice versa, and to 
such an extent can this be carried on, especially with esparto, 
that in some mills this material is boiled in open vessels with, 
of course, a very strong lye. 

The pressure of steam in esparto boilers varies from 10 to 
45lbs. per square inch, and there is a growing tendency to adopt 
higher pressures, even up to 701bs., on account of the economy 
of soda effected, although a little fibre is lost. The time occupied 
in boiling varies from two to ten hours according to the material, 
the chemicals used, and the pressures. 

When the boiling is completed the pressure of steam is allowed 
to fall, and the waste liquor drained off; the contents of the 
boiler then receive a preliminary washing with clean hot water. 
The quantity of water should be kept as small as may be, more 
especially in cases where it is necessary to evaporate the whole 
of the waste liquors, and it is the practice in some mills, e.g., in 
in some of those on the River North Esk, in Midlothian, to 
wash the grass in a series of tanks connected together in the 
same way as the lixiviating tanks of an alkali works. They 
are so arranged that pure water flows in at one end, passes 
through fresh lots of grass in succession, and issues at the 
further end highly charged with the soluble products of the 
grass, and this final washing is sometimes used to dissolve the 
soda for the lye. By such an arrangement the grass can be 



Paper-Making Processes and Machinery. 149 

washed without any loss of fibre, and with a minimum 
quantity of water. 

After the washing, the fibres are removed into convenient 
receptacles, generally iron boxes on wheels, and are taken to the 
breaking engines. 

(Note. — The process of Soda Recovery is alluded to at the end 
of this paper.) 

WASHING AND BREAKING. 

The boiling process has removed all cell substances and fibres 
only remain. These have now to be pulped, and they are, first 
of all, placed in what is termed the washing engine or breaker. 
This engine is an oblong vessel of cast iron, with rounded 
ends, and is made in many sizes, from about twelve feet long by 
six feet broad and two feet deep, upwards. The smaller sizes 
are usually cast in one piece, but within recent years it has been 
made in sections of cast iron plates securely fitted together to 
any desired size. Messrs. Bertrams Limited, of Edinburgh, have 
made these engines up to over 24ft. long, and the working results 
have been remarkably successful. 

In the centre is a partition or " Midfeather" which, however, 
does not reach to either end. In one of the compartments is 
placed a roll about three feet in diameter, or larger according to 
the size of the engine, which is provided with knives arranged 
parallel to the axis in groups all round it. In the bottom of the 
vessel immediately underneath the roll a bed-plate provided with 
similar knives is placed, but they do not lie parallel with those 
of the roll, and in this way the action of a pair of scissors is 
imitated to some extent. 

The roll is made to revolve rapidly, and by its action the fibres 
are made to pass between it and the bed-plate, where they are 
caught and broken up by the knives. It will be easily seen that 
the action of the roll causes the pulp to travel constantly round 
and round the vessel, and advantage is taken of this to wash 
thoroughly away all traces of the lye with which it was boiled. 
The dirty water is removed by means of a revolving drum washer 
covered with fine wire cloth, containing scoop-shaped blades in- 
side which lift the water and throw it upon the hollow axle of 
the drum, through which it runs to waste, its place being supplied 
by a constant flow of clean water into the breaker. 
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BLEACHING. 

When the pulp is thoroughly washed, it is bleached, and this 
is usually done in the breaking engines, though frequently the 
operation is performed in special engines resembling breakers, 
termed potchers. 

The bleaching medium usually employed is a solution of 
chloride of lime (bleaching powder) in water, prepared in a vessel 
provided with stirrers or agitators whereby a thorough mixture 
of the bleaching powder and water is obtained. 

The amount of bleaching powder necessary varies very much 
with the fibre, but in well-boiled pulps it may be taken that 
esparto requires 10 per cent, to 15 per cent, of its weight before 
boiling, straw 7 per cent, to 10 per cent., and wood 15 per cent, 
to 20 per cent. This method of bleaching by solution of chloride 
of lime is the one in general use, but others, such as the use of 
chlorine gas and of acetic acid, have been adopted. 

Various attempts have been made from time to time to bleach 
textile fabrics and paper pulp by means of electricity, or to speak 
more correctly, by means of solutions which, containing alkaline 
chlorides in such small quantities as to be practically useless for 
bleaching purposes, have their contained chlorine so acted upon 
by the decomposing action of an electric current as to render 
them efficient bleachers. Inventors have proved that pulp can 
be bleached by such processes, but up till now have failed to 
convince manufacturers of their utility and economy. 

PREPARATION OF WOOD PULP. 

The process of preparing wood pulp, which is only carried on 
in this country to a very limited extent, ought here to be referred 
to. Mechanical wood-pulp is obtained by disintegrating wood 
by mechanical means alone, no chemical being employed. 
The wood is first cut into blocks and any knots present are cut 
out. The stones by which the blocks are ground down are made 
of a hard sandstone, of which only one quadrant is exposed for 
use, the remaining three being covered by an iron casing. The 
surfaces of the stones are kept rough by the pressure of steel 
rolls studded with points which are pressed against them while 
revolving, and in addition channels about ^inch deep are cut 
into the stone at distances of two to three inches. These serve 
to carry off the pulp to the sides of the stones, in addition to 
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giving increased grinding power. The pressure of the blocks 
of wood against the stones is steadily maintained by screws 
worked by suitable gearing. This is necessary in order to obtain 
a pulp of uniform character. A stream of water is kept constantly 
playing on the stone, and by this means the pulp is carried 
away as fast as it can be formed. 

Chemical wood-pulp is somewhat difficult of preparation, it 
being necessary to boil the wood at temperatures corresponding 
to pressures of six to ten atmospheres ; and as the use of strong 
caustic soda solutions at high temperatures is attended with very 
serious objections, apart from the question of cost, various 
processes have been from time to time proposed in which the 
hydrolytic agent is a solution of sulphurous acid in water, either 
alone or in combination with a base. These latter are the 
processes generally used, but their details need not be entered 
into here. 

THE PRESSE PATE PROCESS FOR HALF STUFF. 

The broken and bleached pulp, termed half stuff, is not yet 
sufficiently disintegrated for paper-making. If this were attemp- 
ted the paper produced would be found wanting in evenness of 
texture and uniformity of surface, and the pulp has therefore to 
be subjected to still further treatment. It has become customary 
during late years, especially in the case of papers in which 
esparto or straw is the staple material, to treat the half stuff by 
what is termed the " Presse Pate " process. This is in effect the 
conversion of the half stuff into a web on what is practically the 
wet end of a paper machine (afterwards described) and it has the 
advantage that the straining the pulp receives secures the 
complete removal of all hard unboiled portions of the fibres, and 
enables manufacturers to dispense to a great extent with the 
costly processes of dry and wet hand-picking. It also permits of 
the more thorough removal of the products of the action of the 
bleaching powder. 

BEATING. 

The pulp from the presse pate machine, or the half stuff from 
the breakers, is now removed to the beaters. These resemble 
very much the breakers already described, the chief difference 
being that the roll carries a larger number of knives and that 



Paper- Making Processes and Machinery. 158 

Blotting paper and filter papers, which are unsized papers, are 
made with the addition of starch only, which binds the fibres 
together to some extent, while not preventing the paper from 
being absorbent. 

COLOURING. 

The fibres used for paper-making, except in very rare 
instances, are never sufficiently white of themselves to produce a 
perfectly white paper, and it is necessary to complement the 
slightly yellow colour which most pulps possess after bleaching 
by the addition of small quantities of blue and pink colouring 
matters, ultra-marine and smalts being the best blues, and 
cochineal the best red for this purpose, though aniline dyes are 
sometimes used. Papers of any desired colour or mottled 
colours may be made either by using rags previously dyed, or by 
adding to the bleached pulp in the beaters such colours as will 
obtain it, and any colour which can be obtained in the form of 
a fine powder or of a solution will suffice. The pulp having 
been beaten to the required fineness, loaded, coloured, and if 
necessary sized, is now run from the beaters to the stuff chests 
ready to be made into paper. 

MODES OF MANUFACTURING PAPER. 

So recently as the end of last century all paper was made in 
single sheets by hand, the paper -machine being, comparatively 
speaking, of recent invention, and still the best qualities of 
paper, especially of drawing paper, are hand-made. 

MAKING BY HAND. 

To form a sheet of paper by hand the workman takes a mould 
of wire-cloth with a moveable frame of wood called a deckle 
fitted all round it and extending slightly above its surface, and 
dips this mould into a vat containing the prepared pulp diluted 
with water, lifting up as much as will make a sheet of the 
necessary thickness. When the mould is removed from the vat 
the water drains through the wire-cloth, leaving the fibres on the 
surface, and the felting or intertwining of the fibres is assisted by 
lateral motion in every direction given by the workman to the 
mould. The deckle is then removed and the mould with the 
sheet of paper handed over to another workman, who turns it 
over on to a sheet of felt, by this means transferring the sheet 
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After the pulp has travelled about three-fourths of the length 
of the wire it passes over what are known as suction boxes, 
in which a vacuum is created by means of pumps (generally 
arranged in sets of two to six), and here the larger part of the 
remaining water is removed. The paper has now the consistence 
of wet blotting paper. 

It then passes on the wire through a pair of rolls known as 
the couch rolls, which serve to press out water from the paper 
and to detach the paper from the wire. The paper is now 
received on to an endless felt, and passes through a pair of iron 
or brass rolls, known as the first press rolls. In doing this, one 
side being in contact with the metal roll is rendered comparatively 
smooth while the other retains the impress of the felt, and to 
make both sides alike the paper is passed through a second pair 
of press rolls, in which the side formerly in contact with the felt 
is brought in contact with the metal roll, and both sides of the 
paper are thus made alike. Sometimes the bottom press roll is 
covered with indiarubber to economise the felt. 

After leaving the press rolls the paper is carried over the 
drying cylinders, which are heated with steam at a low pressure, 
from 2 \ to 20 pounds to the square inch. These may vary in 
number from eight to fifteen or twenty-two, each four feet in 
diameter, and are generally arranged in two groups, between 
w T hich is placed a pair of chilled iron rolls, known as smoothers, 
and whose use is sufficiently indicated by the name. 

If the paper is intended to be separately calendered it is now 
wound upon a reel and removed to the finishing house, but there 
is now a considerable demand for what are known as machine- 
finished papers, and there are therefore frequently attached one, 
two, three or four stacks of calenders to the end of the machine, 
by which the paper may be finished ready for use. 

In some cases where an extra finish is desired, arrangements 
are made after the paper leaves the drying cylinders for passing 
it through damping rolls, where it is sufficiently wetted to enable 
it to take a high finish when passed through the calenders. 

FINISHING PAPER AFTER LEAVING THE MACHINE. 

The finishing house of a paper mill is fitted with calendering 
machines, which may either be web calenders for glazing con- 
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tinuous rolls or plate calenders for glazing single sheets, the 
latter being the type used for highly finished paper. Still higher 
degrees of finish are imparted by friction glazing, as for envelope 
papers, when wax is introduced in the process ; also enamelled 
papers for special purposes. 

There are in the finishing house cutting machines for cutting 
the webs up into sheets of different sizes, some of these machines 
being constructed to cut from as many as seven webs at one 
time. This class of cutter was first introduced by the late Mr. 
George Bertram, whose son, Mr. D. N. Bertram, is now 
Acting Director of Bertrams Limited. 

The sheets are then sorted by hand, all damaged ones removed 
and the paper packed up and sent to market. 

MACHINERY required for making paper. 

The machinery necessary in a mill depends, of course, upon 
the quantity but quite as mucn upon the quality of paper intended 
to be made. Thus a mill with one paper-making machine to 
produce say 25 to 80 tons of a high-class writing or printing 
paper per week wholly from raw material, such as esparto, would 
require to be capable of dealing in the boiling with about 50 
tons of esparto per week, and so would require two grass boilers. 

For breaking there would be needed four large breaking engines, 
from which the half stuff would pass to the stuff chests of the 
presse pate. 

From the presse pate the half stuff would be taken to the 
beaters, of which there would also be four of the large size. 

Paper machines vary in width of wire from about 60 to about 126 
inches, and the quantity of paper which can be produced on any 
machine may be said to be governed by the quality and the 
thickness of paper, the width of the wire and the heating power 
of the cylinders, because the greater the heating power the more 
rapidly can the paper be allowed to travel along the machine 
and, of course, the same course can be followed when a light 
paper is being made. Paper machines are therefore fitted with 
change wheels and also large tapered cones by which the speed 
can be regulated, and it may usually be varied from 80 to 200 feet 
per minute, and in the case of thin news paper to as much as 
about 250 to 800 feet per minute, 
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disposed of and the ease with which workers can be obtained, 
besides, of course, facilities of communication with markets for 
raw materials, chemicals, coals, and facilities for the transport 
of the finished paper. 

WATER SUPPLY. 

On the water supply the success of a mill may be said almost 
mainly to depend, 40,000 to 50,000 gallons of water being 
required for each ton of paper manufactured. Impurities in 
which iron forms an ingredient render a water supply very 
unsuitable for paper-making, but it is an unsettled point 
whether the presence of lime is objectionable or not. 

For boiling and bleaching purposes it is objectionable to a 
certain extent, as giving rise when mixed with caustic soda or 
bleaching powder to precipitates of carbonate of lime, which 
form a hard scale on the inside of boilers and breakers, and this 
is liable to become detached and to find its way into tha 
finished paper. 

A somewhat curious instance of the effect which water has 
upon paper manufacture was mentioned to the author some time 
ago by a paper-maker in the west of Scotland. He had been in the 
habit of using water from a stream, which was collected in large 
settling ponds that the impurities might settle ; but the supply 
being very abundant, and capable, if used in driving a turbine, 
of giving driving power equal to 40 horse power, he resolved to 
sink a well and use the water from this well for paper-making 
purposes. This he has done, with the result that he is now able 
to produce paper of a very much better colour than when he 
used the stream water, but he is met with the difficulty of 
matching the colour of paper which he formerly made, orders 
for which for such purposes as magazine printing were only 
partially complete, and this difficulty he found considerable. 

EVAPORATION OF LIQUORS. 

The getting rid of the liquors also sometimes presents con- 
siderable difficulties, as in the case of paper-mills on the North Esk. 
The usual plan adopted is to collect the washings from the 
boilers and the spent lye into tanks, reduce their bulk by 
evaporation until they are of a strength of about 15° Twaddle, 
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then burn off the woody and fibrous matters which they contain, 
and thus recover the carbonate of soda, which re-causticised by 
the addition of lime, is used along with the addition of a small 
quantity of fresh caustic soda, in the boiling of fresh grass. 

Various evaporators have been introduced, some of them very 
primitive, consisting perhaps only of a furnace for incinerating 
the residue, and over it a pan containing the liquor, the latter 
Iveing heated and evaporated by the heat from the furnace. 
With such an arrangement a large quantity of heat is wasted, 
and various patent evaporators have been introduced. It used 
to be considered that the most economical evaporator was that 
invented by M. Porion, a French distiller, and named after him. 
In this the liquor is run into a chamber in which a number of cast 
iron fanners dip into the liquor and revolve at the rate of about 
800 revolutions a minute, producing and filling the chamber 
with a very fine spray, and presenting a very large evaporating 
surface. 

Kecently a method of evaporating in vacuo, invented by 
Mr. H. J. Yaryan, of Toledo, Ohio, U.S.A., has been considerably 
developed and has been largely used for the recovery of soda. 

The other waste liquors are generally purified by simple 
downward filtration through ashes, and in some cases where the 
finer papers are made the washings from the machines, which 
contain a large proportion of fibre, are saved, and the residues 
dried and disposed of to the makers of brown papers. 

CONCLUSION. 

The subject of paper-making processes and machinery is such 
a very extensive one that to deal with it effectually a volume not 
a paper, would be necessary, and therefore in this paper it has 
only been possible to give a mere outline, and the author desires 
to acknowledge his indebtedness to Messrs. Cross and Bevan's 
"Test Book of Paper- Making" for much of the information 
here made use of. 
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DISCUSSION. 



Mr. Henry Webb (Bury) said he was always sorry when the 
writer of a paper had to extol any foreign manufacture or 
process as better than our English practice. But he had good 
reason to believe the American Gould Engine process, alluded 
to by the author, was a failure, or to speak more correctly a 
comparative failure. By this he did not mean the machine 
would not do the work, but it would not do as much work as 
an English machine, because its first cost was greater, and it 
took more power to work it. 

He was also sorry that the author had only alluded to the 
Scotch paper making trade, and to Scotch makers of paper 
machinery ; surely with Manchester in the very centre of a 
large paper making industry there should have been no difficulty 
in getting information of what was being done at our very doors. 
As a Lancashire man, they would probably excuse him in telling 
them what was being manufactured in the immediate neighbour- 
hood, in one class of paper alone, namely, news-paper. Over 
1,000 tons per week were regularly made in the Manchester 
district, by such firms as Messrs. Chadwick & Taylor, Messrs. 
William Chadwick & Sous, The Darwen Paper Mill Co. Ltd., Star 
Paper Mill Co. Ltd., Sun Paper Mill Co. Ltd., Bury Paper Mill 
Co. Ltd., Messrs. Duxbury & Sons, Messrs. Gillespie & Mason, 
and others. It was also worth mentioning that the only tissue 
paper mills in Great Britain were in Lancashire, namely, Messrs. 
J. R. Crompton & Bros., of Bury, and R. Fletcher & Sons, of 
Ringley. The celebrated writing paper " W. T. & Co." was 
also made in Lancashire. The most successful maker of wood 
pulp paper for lithographic and other high class work was Mr. 
Partington, who, as was well known, had several mills in this 
district ; and a kindred trade, paper staining wall papers, was 
extensively carried on in Manchester and the immediate neigh- 
bourhood, the largest makers being Potter & Co., of Darwen, 
they having their own large paper mills as well as staining works. 
Paper bag industry also flourished here, made by Messrs. Wild 
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& Sons, Messrs. Bibby & Baron, and others, and also a less 
developed trade of paper boxes for fancy cakes, mustard, starch, 
&c. Whilst for paper making machinery, Messrs. Bentley & 
Jackson, of Bury, were justly celebrated for their design and 
excellent workmanship. He might say the largest machines 
now in use were making a web of paper 120 inches wide, but 
Messrs. Bentley k Jackson were just building a machine for the 
Star Paper Co. Ltd., Blackburn, that would make a web of 
paper 135 inches wide. He believed that would be the largest 
paper machine yet made ; his friend Mr. Jackson could tell them 
about this, and also what he had seen in his recent visit to the 
American paper mills. 

The author had not said anything about beating engines. The 
various makes were, besides the ordinary open rag engine, the 
Umpherston, Brodie, Forbes, and Home (all based on the 
principle of the old fashioned engine), and a host of refining 
engines known by the names of their inventors, such as the 
Kingsland, Jordan, Breitmann, Jeffers, and the Gould so highly 
extolled by the reader, but found wanting by its patrons in the 
United States. All were superseded by the Marshall. 

It might be interesting to know that electric bleaching was 
being tried at Cardiff, but at present all attempts were in the 
experimental stage. 

He would like to ask if any means had been devised for 
collecting and utilizing the electricity which was given off from 
the calender ; he had frequently seen large sparks given off, and 
this at present went into the paper, necessitating its storing 
for a long time until the electricity was absorbed by the atmos- 
phere, or the using of artificial means for extracting it. This 
process was called "conditioning." 

Mr. Joseph Adamson made a few comments on the small 
circular saws referred to in the paper, and stated that exceed- 
ingly fine saws were made by Messrs. Paget & Co., Loughborough. 

Mr. Hans Eenold asked if Mr. Rea could tell them how 
many tons of news-paper were produced weekly in Scotland, in 
Lancashire, and in the South of England. He might say that 
some years since, when in Italy, he saw some breaking and 
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beating engines which were made of one block of white marble, 
they were about 16ft. long by 14ft. wide, and he did not think 
that this size, though made in stone, could be much surpassed 
by English engines made of cast iron and of several parts. 
Of course, size was no measure of efficiency. It might be 
interesting to the members if Mr. Rea could state any particulars 
respecting the industrial geography of paper making in the 
British Islands. 

Mr. Jackson (Bentley & Jackson, Paper Maker's Engineers, 
Bury) said he had listened with very much pleasure to the 
interesting paper read by Mr. Rea. the more so because he 
(Mr. Jackson) was in some measure connected with the paper 
trade through his business as a maker of paper mill machinery. 

He had not, however, contemplated making any remarks or 
joining in the discussion, as he was indebted to their courtesy 
and the kind invitation of his friend Mr. Webb for his visit there 
that evening. 

He would have liked to have heard this matter discussed by 
practical paper makers, but as most of them were he presumed 
either designers of or constructors of machinery, they must of 
necessity look at it from their own, i.e. the engineers' side of 
the question. The machinery used to-day in the various pro- 
cesses of paper- making was practically of the same design as 
that in use for generations past. It had been modified and 
improved in detail to suit the various fibres used in these days 
and affected by the general advance in mechanical science and 
workmanship, but the methods were nearly similar ; curiously, 
few of these processes were due to the professional engineer, but 
rather to paper makers and others of an inventive mind. 
Probably the reason was not difficult to find, but this was hardly 
the occasion to enlarge on that point. 

One of the recent improvements was in machinery for cutting 
rags, rope and other heavy and dusty material ; there were 
two machines now well introduced, one for light work called the 
Coburn- Taylor machine, the other for heavy work known as the 
Nuttall machine, by which the materials were cut more rapidly 
and better and cheaper than by any other known machine. 
Another modern machine had for its object the removal of 
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portions of rags to whicli buttons were attached, pieces of wood 
and similar objectionable matters ; this however had not been 
much applied, as the introduction of other fibres had considerably 
reduced the demand for rags, excepting for high class papers. 

The machine described as being used for washing and break- 
ing, bleaching and beating, had its origin in the Low couutries 
and was commonly known on the continent as "The Hollander." 
This machine was nearly the same in design as when it left the 
Dutchman's hands; it was made larger, of iron instead of wood, 
and was improved in its detail. The great majority of practical 
paper makers maintained that nothing had yet been constructed 
to superseded the old-fashioned Hollander. It was, however, 
admitted that the pulp produced by it was not satisfactory, and 
many inventors had endeavoured to solve this difficulty . 

Americans had displayed the greatest activity in this direc- 
tion, and had produced various refining engines, the best up to 
recent date being the Kingsland, and Jordan and Gould, named 
after their respective inventors ; of these the Jordan was most 
successful, but each had very marked imperfections. A few 
years ago a young paper maker named Marshall, after thoroughly 
studying the subject, conceived the idea of uniting the two best 
engines, the Jordan and the Gould, by passing the material first 
through the Jordan cone to grind or refine it, and secondly 
through the Gould disc to " clear" the knots which might be 
formed in the Jordan. This combination had proved very 
successful, and when used in conjunction with the Hollander 
was found to produce paper pulp at less cost, and to make a 
more even, regular and stronger sheet of paper with a less 
expenditure of power than absorbed by the Hollander alone. 

The success of this engine had been phenomenal, and it 
seemed as if it would prove the only really perfect machine for 
this purpose. 

Mention had been made of a large machine now in course of 
construction for the Star Paper Mill Co. Ltd., Blackburn, by 
his firm as the largest in the world. A few details of this 
mammoth machine, as some of his American friends had named 
it, might be of interest. It was intended for the manufacture 
of ordinary news-paper, such as used by our local papers, the 
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Guardian, Courier, etc., and will be wide enough to make a 
finished web of paper 185 inches wide, that was three webs 
each 45 inches wide for the printing press. The paper pulp 
will be prepared in the ordinary way and refined by a Marshall 
engine, and delivered to the pulp chest or cistern. It will then 
pass through four revolving strainers of the Reinicke & Jasper 
type, from which it will flow to an endless wire, 40 feet long, 
145 inches wide ; this wire was carried by a number of seamless 
brass and copper tubes, varying from 4 inches to 20 inches 
diameter. The rolls for squeezing and pressing the moisture 
from the web were made of cast brass and chilled iron, about 
20 inches diameter, 12 feet long. The drying portion of the 
machine consisted of cast-iron cylinders, each 5 feet diameter, 
12 feet long, to be heated by steam pressure ; they were bored 
through and turned to ensure an even thickness of metal, the 
ends being of cast iron covered with steel baffle plates to prevent 
radiation. The felt carrying rolls were of welded steel 9 inches 
diameter, the ends were welded in and the whole turned and 
polished. Cylinders of less diameter but of similar construction 
were used for drying the felts which held the wet web of paper 
against the faces of the drying cylinders The smoothing rolls 
or calender were to be of solid chilled iron, from 22 inches to 
14 inches diameter, all 142 inches long on the face. The whole 
of the rolls and the drying cylinders will be highly polished by 
corandum wheels in a "buffing machine." The driving gear 
for the various sections of the machine was of the kind known 
as the Marshall driving train, the adjustments in speed being 
made by moving the driving straps or belts on slightly conical 
belt pulleys. The entire machine will be driven by a pair of 
high-pressure inverted steam engines, each cylinder 15 inches 
diameter, prepared for a piston stroke of 18 inches, and making 
120 revolutions per minute. He estimated the total weight of 
this machine will be 350 tons. The production of paper will of 
course depend on the skill aud ability of the attendants, but he 
thought it might, without exaggeration, be assumed to be 
capable of making 185,000lbs. weight per week. 

Mr. Webb's remarks as to the utilisation of the electricity 
produced by calendering paper on the paper machine reminded 
him of a little electric apparatus he had introduced into this 
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country from the United States, for the purpose of extracting 
particles of iron from paper pulp and preventing it from appear- 
ing in the dry paper. The pulp was made to flow in a thin 
stream over one or more bar magnets, excited by a current from 
a small dynamo. The attractive power of the magnet withdrew 
any large or small particle of iron from the pulp and retained 
it in contact with the magnet uutil the machine was stopped, 
when the magnets were cleaned. So-called permanent magnets 
had been tried for this purpose with temporary success, but as 
the attractive power of the magnet diminished so the evil 
recommenced, and their use was abandoned. 

The presence of iron was of little importance in low qualities 
of paper, but was very objectionable in writing papers, and high 
class papers for lithographic and printing purposes. 

With reference to his recent visit to America, he could not 
speak too highly of the kind reception he had received from 
those members of the Paper Making and Engineering trades 
with whom he was brought in contact, for which he was deeply 
grateful, as it tended to make his visit more pleasant and 
instructive than it otherwise would have been. He also formed 
the opinion that British paper makers must look into matters 
closely if they intended to retain their foreign trades. American 
paper makers already made attacks on our Colonial markets, 
and in one instance he knew of, that attack had been so keenly 
felt that the British paper mill affected had sent their manager 
to see by what means the Americans were able to produce a 
better paper at the selling price, whether it be by improved 
machinery or by more skilful use of material. He awaited the 
result of the manager's visit, an I looked forward to the report 
with much interest. Whatever it might be he was sure nothing 
but a good result could accrue from a visit made for such a 
purpose, if undertaken by an open minded and unprejudiced 
man. 

Mr. Francis Wrigley gave a few reminiscences of paper 
making. 

The Chairman (Mr. T. Ashbury, Past-President) observed that 
he thought they had been all greatly pleased by the interesting 
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Considering the number of examples obtained, and the 
difficulty the author experienced in getting millowners to 
allow their engines to be run without load for a sufficient length 
of time to obtain friction diagrams, the results furnished might 
be taken as reliable, notwithstanding the reflections of doubt, 
expressed by Mr. Brown. 

The term "new" as applied in the "Descriptions of Engines 
and Gearing " refers to those constructed during the last five 
years. 

In reply to Mr. Goodfellow's remarks as to some of the best 
examples and results having been omitted in the paper which 
he thought might have been procured, the author may say 
that it would have been a difficult matter to have got the best 
results merely, and the author's original intention was to get 
the best results of the respective classes of engines made by the 
leading Lancashire engineering firms, but as pointed out, 
however, in the opening remarks in the paper, several firms 
were prejudiced enough to refuse the desired information. 

Mr. Goodfellow's reference about the average pressure and 
the load being less in the rope driving engines than in the spur 
gearing engines, was in order, but it did not in the least alter 
the general conclusions arrived at by the author. 

As regards the other remarks of the president, speaking 
generally, the author concurred with them. 
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The cost of the plant for 10,000 H.P. comes out as follows: — 

20 Gas Generators £8,000 

Steam Generators 1,500 

Automatic Fuel Conveyors . . . . 1,000 

Electricway-Motor Sidings 1,200 

Liquor Tanks 6,200 

Two Gas Holders 16,800 

Two Tanks .. .. 15,000 

Dust vessels 500 

Condensers and Sulphate of Ammonia plant 4,000 

54,200 

87 Gas Engines 31,600 

18 Dynamo Electric Machines . . . . 35,000 

Exciters and Engines 2,000 

Transformers 12,000 

Switchboard and Gear 3,000 

83,600 

Line, including Poles and Insulato . . 80,000 

Receiving Switchboard 3,000 

Receiving Transformers 10,000 

Connecting Mains in London . . . . 10,000 

23,000 

£240,800 

Besides the cost of the land, which will be a very nominal 
sum compared with the cost of land near populous centres, and 
the necessary buildings, there are various contingencies to be 
met, such as the possible necessity of underground mains across 
railways. The costs of way leaves, and perhaps of Parliamentary 
powers, must be faced, so it will be necessary to have a paid-up 
capital of some £400,000, and in order to make it worth while 
to carry out this scheme, there must be a prospect of a handsome 
profit on £400,000 with a maximum output of 10,000 horse- 
power at the generating station. 

Taking the maximum output at 10,000 horse-power, or 
7,500,000 watts, the maximum power in London will be 
5,400,000 watts. 

On the assumption that our first power is used for lighting 
and almost no motors are used, enough lighting can be taken 
up to utilize 5,000,000 watts during a heavy fog. This corre- 
sponds with a low average load throughout the j ear, and it 
will probably be safe to assume an average consumption of 
1,000,000 watts only. 

The loss in the leads varies as the square of the current, so 
the effective current throughout the year must be taken. It will 
be necessary to generate about 1,060,000 watts at the station, 
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Switch-board. — Switch-board, containing all the necessary 
apparatus for measuring, regulating, and safety 
purposes. 

There will be a double switch, a double lead safety 
fuse, an ampere meter for each group of engines, a 
volt meter, the requisite parallel shunting apparatus, 
and, in addition, a general ampSre meter for the whole 
installation, as well as a general volt meter. 

Trunk Cables. — Gables to be 192 kilometres long (120 
miles), rigged overhead, to be four in number of a 
section of 800 square millimetres. The total loss of 
efficiency in the entire length of cables is estimated 
at 20%. It is desirable to split up the four mains into 
six wires, each of eight millimetres diameter ; so that 
in all there would be 24 wires each a sectional area of 
eight millimetres. 

Secondary Transformers. —The transformers to have a 
capacity of 5,400,000 watts. The total cost of the 
plant specified may be taken at £58,000 without cables 
and erection. The total efficiency of the system will 
be 70%. Including the cables the cost will £250,000. 

Mr. Charles Brown estimates that the entire cost of the 
undertaking, including, gas power plant, buildings, land, and 
£60,000 for contingencies, will be £840,000; and on this 
this basis of cost he estimates that, allowing for interest and 
amortisation, small users can be supplied in the Metropolis of 
Greater London with one H.P. per annum for £4 10s. 

THE SPECIFICATION OF THE MASCHINEN FABRIKEN OERLIKON. 
SOUTH YORKSHIRE TO THE METROPOLIS. 

Electric Generating Machines. — Five generating machines, 
with one in reserve erected on the Triphasic Alternator 
system, each machine being of 2,500 H.P., with a 
speed of 850 revolutions. The horizontal axis of 
machine to permit of direct driving. 

Exciting Machine. — Two exciting machines, with one in 
reserve, each capable of exciting four generating 
machines. The exciting machines to be on the shunt 
principle, and to have an E.M.P. of 158 H.P., giving 
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can be little question but that this portion of the rolling stock 
does more damage to the permanent way than all the rest of 
the goods traffic. 

The cost of conveying coal to London may be approximately 
estimated to be made up as follows : — 

Merchaut's profits, cost of cartage per ton at both 

ends, varying from 2s. to 5s., say 3 6 

Bail way rate, varying from 6s. to 8s., say 7 

Value of coal at the pit's mouth, 4s to 8s. , say . . 6 



16 6 
Assuming with electric plant a 10,000-h.p. initial production, 
with a terminal output of 7,000-H.P., and allowing for a con- 
tinuous full load work for 7,000 hours out of the total of 8,760 
hours per annum, then the cost, direct and incidental, of 
rail and cart transmission for supplying this 7,000-H.P. at 
the Metropolis, and estimating a. fuel absorption of 2^ lbs. of 
coal per H.P., would be made up as follows : — 

7,000 x 2-5 x 7,000 tA a . OQQ _ tn 

— £~gIo x 10s# 6d * = ^ 28 » 710 P er annum. 

This, capitalised at a reasonable interest, appropriate to such a 
secure investment of capital, would alone justify a total expendi- 
ture on power generating plant and trunk lines of transmission 
of £500,000. (See diagrams, Plates 21 and 22.) 

Particulars of Electric Transmission of Power Plant at the Electric 
Construction Corporation's Works, Wolverhampton. 

Electric Generators. — Two Shunt-wound Dynamos, each 
capable of giving 110 volts, 750 amperes, at 400 revolutions. 
The lighting of the works is supplied from the same dynamos 
as the power. During winter months, when the lighting plant 
is in action, the two dynamos are run in parallel, but for 
supplying power only one machine is always in action. 

Electric Motors. — The following is a list of the Motors in use : 
Three Motors are driving 10 ton Travelling Cranes. 
Two ,, ,, 5 „ „ 

One Motor is ,, a Boot's Blower supplying air 

blast to Cupolas and Smith's hearths. 
One Motor is driving a Circular saw. 
One ,, ,, Planing machine. 
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Planing Machine. — A large planing machine, capable of 
planing 20ft. by 12ft. by 8ft. high, and having a travelling table 
weighing 17 tons, is driven by an independent motor. When 
planing up an ordinary bedplate casting, the electric energy 
taken in forward cutting averages some 105 volts 80 amperes, 
and absorbs slightly less tban this on the return motion, but at 
the moment of reversal at each end of the travel, the power 
absorbed increases to 105 volts 100 amperes. 

General. — The electric transmission plant has now been 
running in these works for almost two years. So far there has 
not been any accident, and no repairs have been as yet required 
beyond the renewal of brushes for the dynamo and motors. 

Electric Locomotive.— The photograph lanternly exhibited 
represents a small Electric Locomotive in use on the surface at 
a colliery in the neighbourhood of Wolverhampton. The current 
is supplied at a potential of 800 volts, by means of a bare copper 
wire (4 gauge) carried by insulators from poles ; the return circuit 
is made through the ordinary rails. The power is nominally 
equivalent to 9 H.P., but the machine works up to twice this 
power for short periods, when taking a heavy load (six tubs) up 
the steepest gradients. 

The Tivoli-Rome Electric Transmission: Installation, Supplying 1 Rome (Italy) 
18} Miles away with Electric Energy for Power and Light. 

A few notes respecting this remarkable installation are 
interesting, if only merely for reference. 

Here we have an example of generating electric energy from 
hydraulic power, that fairly couples the engineering triumphs of 
the antique with those of to-day. 

On the actual site of the villas of the Patrician Romans, in- 
cluding that of the palace in which a beautiful Roman lady 
received her lover, the unscrupulous and mad Nero, we have a 
modern electric generating station, driven by hydraulic power 
from the water flowing through those monuments of Roman 
engineering skill, the aqueducts, that once supplied Rome with 
water. 

The aqueduct or canal terminates in a tower, in which there is 
a stand-pipe of sheet-iron 125ft. high by 5ft. in diameter. Three 
groups of Ganz-type turbines, each group comprising two 820- 
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minor difficulties, the application has been a solid success, both 
financially, hygienically, and thermo-dynamical — the latter 
efficiency is 800% greater than the ordinary locomotive practice. 

The following are leading factors of experience in this 
application : — 

Banning speed per hoar, 13*25 miles. 

Mean amperes from Stockwell to City . . . • 50*33 

Do. volts do. do 424*16 

Mean amperes from City to Stockwell . . . • 48*72 

Do. volts do. do. .. .. 425-26 

Banning speed per hoar, 12*7 miles. 

In these electric locomotives the armature coils are wound 
directly on to the axles of the locomotive wheels, and the 
locomotives built by Messrs. Beyer, Peacock, and Co., Ltd., 
Manchester, weigh 13£ tons. 

The original conception of this simple method of driving is 
traceable to Sir W. Siemens. The motor currents are collected 
from a central rail by means of a sliding contact shoe, fitted at 
each end of locomotive. The initial torque, or starting energy, 
is 140 amperes. 

Ordinary train driving by electric energy is in common use in 
the United States, and in its overhead conductor mains the 
efficiency is said to be satisfactory. The same principle has 
been adopted by the Liverpool Overhead Railway. 

Underground mine electric traction is now successfully 
employed in many mines in Europe and America, and offers 
great advantages over former systems. The same principle of 
dynamic transmission is adopted for winding purposes. 

The traction of canal boats only awaits development to bring 
a wanted stimulus to this excellent inland method of transmitting 
cargo. 

The Financial Risk Involved in Laying Down Long Lengths 

of Electric Conductors. 

It will be recognised that for long distance lines of trans- 
mission the cost of installation and plant is made up in a very 
considerable proportion by the electric conductor mains. Hence 
the consideration of the risk of value depreciation of this 
proportion is of first-class importance. 
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phasio electrio motor, besides providing part of the 
energy for lighting. 

The equalisation of the pressure on the Brown 
Oerlikon electric generator is effected by the adjustment 
of the degree of excitation, and for this purpose it is 
equipped with a rheostat. 
Line Circuit Arrangement. — The circuit arrangement is 
explicable by reference to the graphic diagrammatic 
outline (see Plate 25). 

Elements are indicated thus : — 

Three-phasic alternator... A reference letter. 

Step-up transformer B ,, ,, 

Step-down ,, ,, ,, 

Volt metres Reference letter Vml. 

„ Vm2. 

„ Vm8. 

Ampere metres Am i. 

,, Am2. 

,, Amd. 

Safety Fuses SF. SF, SF, 

Relay Magnets RM X KM, RM S 

Coils represented by s^ a? and a, for Alternator. 

bj b a and b 8 for Step-up Transformer B 
Primary Coils (low presure). 
Full line. 

Pi p 8 and p, for Step- up Transformer B 
Secondary Coils (high pres- 
sure). Dotted line. 

&! s 2 and s 8 for Step* down Transformer C 
Primary Coil (high pressure). 
Dotted line. 

Intra connections of generating station — 

N.B. — Coils a-1, a-2, a-8 of A Alternator, radiated from centre 

at an angle of 120 degrees. 
The A Alternator Coil a-1 is coupled up to Coil b-1 of Trans- 
former B. 
„ ,, a-2 ,, „ b-2 „ B. 

a-3 ,, ,, b-8 „ B. 
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The B Step-up Transformer Coil lp is coupled up to Coil s-1 of 

Step-down Transformer G. 
2p „ „ s-2 
8p „ „ s-8 

The return connections are double, one being by insulated 
conductor currents, shewn by full line ; the other 
connections are also double, one being by earth. 

The insulated conductor currents are equipped with — 

Amp&re Metres shewn by Ami Am2 Am3 
and with Belay Magnets „ Bml Bm2 Km 8 
Safety Fuses „ SF X SF a SF 8 

„ Volt Metres „ Nm x Vnij Vm, 

The equalisation of the three-phasic currents is 
effected by relay magnets, which are arranged for 
maxima and minima currents. 

If the proportions of the currents in any branch of the 
three-phasic alternate currents should be inefficient or 
below the normal degree, or exceed the maxima for 
which the relay magnets are adjusted, the (B.M.) 
relay magnet breaks the connection between the 
exciting generator and the magnetic field of the 
alternator. The voltage of the low pressure circuit of 
the generator is consequently a function of the residual 
or latent magnetism of the three-phasic alternator, and 
is consequently quite safe, even should the primary 
connections become short circuited. 

Regulating and Measuring Arrangements. — The regulating 
gear is shown by the lantern slides, and consists 
of the usual fuses, relays, ampere meters and volt 
meters of the initial current, which were mounted 
upon switchboard, along with the volt meter and the 
ampere meter of the exciting current generators and 
their own rheostats. 

The compensation of the resistance on the line was 
established as follows : — 

The primary voltages of the various currents were 
tabulated, and the table drawn up was employed by 
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ocular reference to maintain a constant pressure at 
Frankfort. 

When the load was taken off at Frankfort the turbine 
at Lauffen commenced to race, and the hydraulic 
pressure was at once diverted. 

The Oerlikon firm fixed up a novel line fuse 
arrangement as follows : — A short length of circuit 
was established across two upright poles, placed some 
seven or eight feet apart, with corresponding wires to 
those of the main trunk line, but only some six 
millimetres in diameter. 

In order to indicate from Frankfort that the 
generating machinery could be stopped, a simple but 
effectual short circuiting arrangement was provided at 
Frankfort. This consisted of the suspension over the 
conductor trunk lines of a piece of iron so shaped that 
when lowered it came simultaneously into contact with 
the three conductor mains. The result was the fusing 
of the resistance fuse wires at Lauffen, and this 
indicated to the Lauffen man that he should stop the 
machinery of electric generation. After fusion occurred 
the telephonic connections were switched on, and 
vocal communication was. established along the trunk 
lines. 

It was found that as long as the short circuiting was 
established the telephonic communication could be 
carried on, even if the generating machinery at Lauffen 
was started during vocal inter-communication. The 
poles carrying the resistance wires were provided with 
steps to allow of the rapid replacing of these wires. 
Safety Arrangements. — The safety arrangements were 
simple and well thought out. Referring to the step- 
down transformer G, it will be noticed that the 
junctions of the high pressure coils S x S, and S, were 
coupled to the junctions of the low pressure coils 
L x L 2 and L 3 by fuses S F 4 , and the same remarks 
apply to the transformer B. By this means there was 
established a permanent earth connection between the 
entire electric system. 
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DISCUSSION. 



The discussion on the foregoing paper took place on Saturday, 
the 26th November, the chair being occupied by Mr. T. Ashbury, 
C.E., Past- President. The Chairman opened the proceedings 
by calling upon Mr. Thwaite to make a few remarks which 
he said might lead to a discussion of the paper. 

Mr. Thwaite said that to many of those present his proposals 
with regard to the generation of electro-motive force would 
doubtless appear to be in advance of the times ; but he would 
remind them that every great scheme required an initiation, 
and he did not think Manchester would be dishonoured by 
becoming the birthplace of the propagation of this scheme. 
How many great undertakings, such as the Lauffen-Frankfort 
one, for which the wiseacre 3 had prognosticated dismal failure, 
had proved the greatest successes? The whole technical and 
scientific world was indebted to the German government for 
fixing and determining the long-distance efficiency factor of 
high pressure transmission, as this would have more effect 
in supplying natural force for the well-being of man than 
any other of the creative human efforts of the last century. 
The Bradford Corporation Electric Lighting Committee had 
already commenced to distribute power to the ratepayers for 
industrial purposes, and, although it might be years hence ere 
the power- distributing system in its entirety would come into 
play, that it would come, was as certain as that daylight followed 
night. While it was placing in the hands of our industrial 
competitors potent weapons which might prove damaging to 
us in our fight for industrial existence, in our hands it could 
be made a power for our country's good. 

The Chairman (Mr. T. Ashbury), said: — The best thanks of 
the Association were due to Mr. Thwaite for the able and 
important paper he had prepared and read before them on the 
great prospective possibilities in the generation of electro-motive 
force, and which he had so profusely illustrated by diagrams, 
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out of a thousand failed ; but if they had a thousand motors 
drawing from one central source, and that central source became 
stopped, then they had a thousand firms stopped simultaneously. 
Under these circumstances it appeared to him that the 7,000,000 
of horse power which was represented in this country in steam 
engines and boilers would not be readily displaced by the new 
force. The Birmingham Corporation compressed air project 
(which he thought emanated from Liverpool) was supposed to 
be a grand scheme on its initiation, but in the paper was called 
"That ill-fated scheme," and might not the scheme proposed 
by the author possibly have a similar ending? Again, it 
seemed to him that whether engines were working intermit- 
tently or not, it was not fair to assume that those ten engines 
would only be working so many hours. If a central source of 
power were proposed at all, it was absolutely necessary that 
the maximum power required should be provided that would be 
requisite, in case all the engines were working at one and the 
same time. It would be a fatal and disastrous experiment 
to profess to supply power on the assumption and chance of all 
the engines not working simultaneously. He was certainly 
surprised to learn that three millions sterling was invested 
by the Metropolitan Companies in electric lighting. The bold 
ideal scheme set forth by the author, might be thought by some 
Utopian, but, nevertheless was worthy of consideration. So 
they must not condemn too hastily. Longfellow's inspiriting 
lines say : 

"Let us then be up and doing 
"With a heart for any fate, 
"Still achieving, still pursuing 
"Learn to labour, and to wait." 

and possibly the latter would be very much in requisition before 
they saw Mr. Thwaite's proposal an accomplished fact. 

Mr. A. G. Brown remarked that the paper was somewhat 
voluminous and in some instances seemed to be of great value. 
If a company were going to be formed for the purpose of 
carrying out the scheme, the paper would be of considerable 
value to the projectors, but otherwise he failed to see its 



260 ELECTRIC POWER TRANSMISSION 

The author has already presented his reasons for giving his 
preference for the gas engine. 

Mr. Brown urges the necessity of storage cells, but on farther 
examination of the author's paper he will observe that for the 
Central Station, the gasholder will displace the necessity of 
storage cells. 

The storage batteries will, however, enable the central 
generating plant to be ran night and day. Daring the night- 
time certain consumers requiring the most absolute regularity 
of potential could have their electric power storage batteries 
charged, and the night current would also be utilised for charg- 
ing, by the intermediary of a continuous current machine, the 
storage cells of some of the London Electric Lighting Companies. 
By this means the electro-motive power plant at the generating 
station could be kept working at full load during the night. 

But at the central station the gas holder will serve the 
purpose of storage batteries, and with the conspicuous advan- 
tages already set forth. 

The method of driving the alternators proposed by the author 
and Mr. James Swinburne, that is, rotating the fields and 
alternators in opposite directions, would overcome some of the 
difficulties originally experienced with gas engines ; but with 
the later types of these engines, electric-generating machinery 
is being driven with every satisfaction, whether working with 
ordinary town or cheap fuel gas. 

It is to be regretted that Mr. Brown does not accept the 
author's theory to explain the greasy and high rainfall pheno- 
mena of the Manchester atmosphere. As Mr. Brown has been 
a resident of Pittsburg, Pa., he will readily admit the metamor- 
phosis of the atmosphere that followed the displacement of 
imperfect methods of burning bituminous coals by natural fuel 
gas in that city. 

The combustion of bituminous coals produces either water or 
tar, as part of the constituents, the latter in a finely divided 
condition, causing the smuts and smarting sensation when 
deposited on the face, and the greasy condition of the pavement. 
Taking the formula for the hydro-carbons of bituminous coals 
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fo be represented by C 2 H 4 , then the combustion will follow 
sequentially thus : — 

(C, H 4 ) + (6N 4 0) = (2 C0 8 ) + (2H,, 0) + 24N. 

(Hydro-Carbon \ • /Atmo«pberic\ /CarbondiA • /Water A • /NitroA 
of bitamlnonaooal/ « \ Air / — \ oxide ) ■ \ vapour/ T \ gen / 

We thus realise that water vapour is produced, and as the 
natural hygrometric condition of the Manchester atmosphere is 
rather high, the critical point of ultimate saturation is soon 
reached by the addition of the aqueous vapour resulting from 
the oxidation of the hydro-carbons as formulated, and from the 
introduction of steam ; once the critical point of ultimate satura- 
tion is exceeded, the almost proverbial rainfall of Manchester 
follows. 

Mr. Brown accepts the claimed hygienic superiority of the 
electric incandescent light over its rivals. 

With reference to the cost of labour in working the Central 
Station Plant it must be noted that it does not include the cost 
of the labour involved in the Condensing and Sulphate of 
Ammonia Plant. 

Seeing that the gas generators will be automatically fed, the 
only labour involved will be that required in the clinkering and 
shaking- up of the fuel. Two good gas stokers will control both 
the gas engines and gas plant, whilst two electricians with two 
assistants can control the electric generating and transforming 
plant. But even if the labour charges were doubled, this would 
hardly effect the cost of output, it would only add £100 a year 
per 1,000 B.H.P. produced for all the year round. Mr. Saxon 
makes a very pertinent and important enquiry in asking if the 
electric driving gear would run textile machinery as steadily as 
does the present system. A careful and unprejudiced consider- 
ation will shew that high pressure high alternating currents will 
produce a greater regularity of production of dynamic effort than 
can possibly be obtained by the reciprocating steam engine. 
Anyone who has examined Moscrop Recorder Cards knows this, 
and it is only with high-class Corliss or Sulzer type of engines 
that any approach to the ideal straight line of the Moscrop card 
can be obtained. Transforming down makes no difference. 
Electric-motors run more steadily than any other type of 
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machine known, except say, an astronomical clock with circular 
escapement. 

Textile mills are being driven by electric motors that have 
displaced steam engines, and the author has never heard any 
complaints under the head of unsteadiness. A system that can 
produce such a steady flow of energy as to maintain the delicate 
carbon filament of the incandescent glow-lamp in a glow of 
incandescence with a variability undetectable by the sensitive 
retina of the human eye, can surely be trusted to drive textile 
machinery, even for spinning the finest counts. 

Mr. Saxon draws attention to the proportion of fuel required 
for raising steam to warm the factories. This steam could, 
however, be much more economically generated by the high 
pressure system, such as that of Perkins ; and it must be borne 
in mind that the steam requirement is a variable one, attaining 
its maximum in winter, and its minimum in summer, whereas 
the fuel power supply is a fixed quantity all the year through. 

The proportion of fuel that need be required for warming and 
steaming purposes is small compared with that demanded for 
power purposes. 

Mr. Saxon agrees with the author in his statement of the 
advantages of large steam engines compared with small ones. 

The cost of running copper wires compared with the cost of 
steam pipes, shafting, or heavy gearing, is much in favour of 
the former, and a breakdown can be repaired in a few minutes ; 
whereas a breakdown of shaft or gearing, or burst steam-pipe, 
may cause loss of property, capital, and even life, besides invol- 
ving a more or less serious stoppage of the works. 

Mr. Saxon considers the cost of the scheme rather large. If 
he will carefully examine the cost of production of power, 
taking into his survey the account of the advantages of centrali- 
sation, ho will realise that, compared with the cost of a horse- 
power per week, taken at say 7d., for the best practice with 
steam driving gear in Lancashire, that the cost of this equivalent 
power, if the author's scheme is carried out in its entirety, will 
for Lancashire and Yorkshire not exceed 8Jd., allowing for the 
fuel to raise steam for warming, sizing, &c. But if the power 
were delivered even at the same cost, the advantages of greater 
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security, no anxiety for the safety of the steam boiler, no trouble 
re supply of coals — the alteration is well justified, and the lot 
of the mill and factory owner, compared with that of the present 
system, would indeed be a happy one. 

Mr. Gonstantine clinches the argument respecting the warm- 
ing of the factories, and he is quite right in suggesting that 
this objection would be quite easily met. 

Mr. Saxon interpolates an interesting fact that he had 
found many factory owners were already utilising the surplus 
power of the mill engines to drive electric light generating 
plant. 

Mr. Beastow emphasises an important fact in that it would 
be more economical to lead copper wires through a works than 
steam pipes, because in the event of a breakdown it only 
requires a few minutes to effect a readjustment. Mr. Beastow 
also coincides with the author in the suggestion that small steam 
engines would become in a short time obsolete. The author, 
however, considers that the modern high-class mill and marine 
engine will for many years to come have an exclusive field of 
fitness. 

Mr. Beastow suggests, and the author is thoroughly in accord 
with him, that the great steam engine builders should, like 
Tangye's and Greenwood & Batley's and others have done, tackle 
the problem of making large power gas engines. The saving of 
10 to 12 % obtained by putting down a dynamo, and using the 
excess engine power stated by Mr. Bartlam, is evidence of the 
economy of the system applied to lighting. 

Finally the author thanks Mr. Ashbury for his remarks in 
closing the discussion, and also tenders his gratitude to the 
members of the Manchester Association for their patience and 
for their expressions of good-will, which he heartily reciprocates. 

Mr. James Swinbourne, in a communication, wrote: — 

Mr. Thwaite has covered the ground so completely that I 
have but little to add. Central power stations must come, the 
only question is, When ? I do not think storage batteries should 
be used in connection with such a system as that proposed. 
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They would save some of the capital sank in gas engines, and 
would reduce the loss in the leads if placed in London, but they 
would involve losses of power, and capital, and maintenance, 
expenditure which would more than counterbalance their advan- 
tages. The energy can be conveniently stored as fuel without 
waste, so there is no need to store, in an intermediate form ; it 
had better be delivered direct as wanted. 

The virtues of electric motors do not seem to be appreciated 
by engineers. They are very efficient, waste almost no power 
when running idle, and they have a remarkable property of 
uniform speed. Even if the engine driving the generator varies 
in speed, so that the electrical pressure varies, a shunt motor 
runs at constant speed. 

In making comparisons it must be remembered that a factory 
driven by, say, a 100 h.p. engine, does not need 100 h.p. to 
drive it electrically. If much shafting is used, the machines 
may only have a maximum of 20 or 30 h.p,, but even when they 
are all idle the engine develops a large portion of its full load. 
If motors are used, the maximum power needed is only 20 or 80 
h.p., and varies down to nothing, as there is no consumption 
whatever when the motors are out of circuit. As soon as electric 
motors are familiar to engineers and millwrights, belting, pulleys 
and shafting will disappear. It is only a matter of time. 



Electric Power 
Transmission from Coal Fields. 



Appboiimatiye DuoBiM, showing the allocation ol tlui thermic * 
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Diagram showing the Thermo Dynamic Efficiency in percentages of 
the Theoretic Maximum of Epoch making Gas Motors. 
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Diagram showing re<luced cost per I.fl.P. per hour in large install 
ations of steam engines compared with smallor installations. Based 
on Prof. Salomon's ligures. Coal at 14/- per ton. 
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ONE TYPE OP ECONOMIC "thf.rmO-D 
ESTIMATED CONSUMPTION OP PUEL— I U. SLACK COAL OR ANTHRAOITfi 
PER INDICATED HORSE POWER. 

300 BRAKE HORSE POWER OAS ENGINE. 
Otto Cycle. Using Generator Fuel Gas 
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MAGNETIC FIELD DIAGRAMS. 



LAUFFEN-FRANKFOnT TRANSMISSION INSTALLATION. 







r w nr 

MvpK&e FieJeipivduffid. by Three. Currents 



THF. NEW YORK 

PMPl,ir LIBRARY 






Electric Power 
Transmission from Coal Fields. 



Diagram showing respective cost of maintenance, 
interest, amortisation, and repairs of three forms of power installations. 
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Electric Power 
Transmission from Coal Fields. 



MAGNETIC FIELD DIAGRAMS. 



La uffen- Frankfort Transmission Installation. 
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Electric Power 
Transmission from Coal Fields. 



Diagram showing respective cost of maintenance, 
interest, amortisation, and repairs of three forms of power installations. 
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Electric Power 
Transmission from Coal Fields. 



Diagram showing respective cost of maintenance, 
interest, amortisation, and repairs of three forms of power installations. 
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Electric Power 
Transmission from Coal Fields. 



Graphic Diagram showing the absorption of power by Belting and Shafting. 

Based on dynamometric investigation*. 
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Electric Power 
Transmission from Coal Fields. 



Diagram showing the Thermo-luminous Efficiency of different 
methods of burning gas, in functions of sperm candles of light, 
photometrically tested per cubic foot of gas burned per hour. 
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Electric Power 
Transmission from Coal Fields. 

Scheme of Electric Energy Transmission 
from Generating Stations on the Coal Fields to the 

Industrial Centres of Lancashire and Yorkshire, 
the Midlands, and the Metropolis of Greater London. 
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Electric Power 
Transmission from Coal Fields. 



The Lancashire Electro The Yorkshire Electro 

Transmission of Power Transmission of Power 

Project. Project. 
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Transmission from Coal Fields. 



Geiphio Diiobh 
ehowini oompsr alive coat 
ol power delivered in Luo 
don, by present system 
ol Kail way Trenemiaeion, 
Mid mote or leas waste 
fal rte«m engines, and by 
the proposed Electric 
Method of Transmitting 
the Energy. 



Tropoaetf.avsunt- 
inadailetl time ... 



I 



PUB 



i»rr r T " 



r i 

i i 



::>.AKY 



I 



AJiiUK, 1-fc.N^A AND 



Electric Power 
Transmission from Coal Fields. 



Duobak showing coat of Electrical Hone Power delivered at the 
consumer's terminals train a central natation, at a distance of 63 
miles, total length of circuit being 188 milee. Based on Hen- Prof. 
Salomon** figures, the cost of the central station steam power and 
eleotrio generator plant being eatimated at £360,000, for prodnaing 
10,000 I.H.P., made up thus:— 

Land, buildings and steam engines. . £100,000 

Eleotrio oondaetor cable*. 45,000 

Other Electrical plant . . 100,000 



Total £346,000, ««j £afiO,000. 
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Electric Power 
Transmission from Coal Fields. 



Comparative Diagram of first cost of complete installation of 

respective powers generated by Steam Engine, Gas Engine, and 
Blesfeb Motor Machines, 'based on Herr Prof. Bedner's data. The 
Electro Motors are assumed to be driven by turbines or some other 
source of energy. 
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OF THE COUNCIL. 



1892. 



MANCHESTER: 
Htbrald ft Walkjcb, Typ., Pool Fold Chambkbs, off Chapel Walks. 

1898. 



OFFICERS. 

1803. 

|)rtnbnd : 
Mb. THOMAS DANIELS, M.I.Mxch.E. 

|)B*t-£rtfiftari: 

Mb. G. B. GOODFELLOW, M.LMech.E. 

Irtasortr : 

Mb. HENRY MAINWABING. 



ttrxstttz : 



Mb. G. CARTER, 
„ JOHN WEST, M.I.C.E. 



Mr. JAS. WALTHEW, 
„ T. ASHBURY C.E., 



Mb. Alderman W. H. BAILEY, J.P. 



(fcomttil : 



Mb. S. CHARLESWORTH, 
„ H. BATES, 
„ C. FARMER, 



Mr. A. G. BROWN, 
„ G. DAVIS, 
,. A. SAXON. 



librarian : 

Mr. J. GIBBON, 
56, Herbert Street, Cheetham. 

Strotarg : 

Mb. FRANK HAZELTON, 
68, Barrett Street, Old Trafford, Manchester. 



Jhmuctl general Reefing 

HELD AT THE 

GRAND HOTEL, MANCHESTER, 

10th December, 1892, 
Mr. 6. B. GOODFELLOW, M.Inst.Mech.E., President, 

IN THE CHAIR. 



The minutes of the previous meetings having been read and 
confirmed, and signed by the Chairman, he announced to the 
meeting the result of the ballot for the election of new 
members. 

The election of President and other officers of the Association 
was next taken, with the result as set forth on opposite page. 

Besolved unanimously. — "That the cordial thanks of this 
meeting be given to Mr. G. B. Goodfellow, for the 
interest he has taken in the welfare of the Association, 
and the excellent manner in which he has discharged 
the duties attaching to the office of President during 
the past year." 

Mr. Goodfellow returned thanks. 

Besolved unanimously. — " That the thanks of the Association 
are justly due and are presented to the Past-President 
and other Officers of the Association for their co- 
operation with the President, and for their zeal on 
behalf of the Association during the past year." 

Mr. H. Mainwaring acknowledged the compliment on behalf 
of himself and the other officers. 

Besolved unanimously. — " That the Annual Dinner be held 
as usual; all arrangements to be left in the hands of the 
Council." 



Annual Report of Council. 



1892. 



In presenting the 87th Annual Report of Proceedings, the 
Council have pleasure in congratulating the members upon the 
continued success and progress of the Association. 

To the membership roll during the year have been added — 

12 Honorary Annual Members. 
14 Ordinary Members. 

Total 26 

but taking into account the loss by death, resignation, and 
erasure, the effective addition to the membership amounts to 5, 
bringing up the total number of names of all classes on the 
roll to 850, namely : — 

25 Honorary Life Members. 
107 Honorary Annual Members. 
218 Ordinary Members. 

Upon reference to the Financial Statement as certified by the 
auditors (see appendix), it will be seen that the balance standing 
to the credit of the Association after payment of all accounts 
due up to the 81st December, amounts to £8,305. 12s. 3d., as 
against £3,181. Is. 6d , at the close of tbe preceding year, thus 
showing a surplus of £124. 10s. 9d. on the year's working. 

It is with profound regret the Council have to record that 
during the year death has removed the following members, 
brief memoirs of whom are appended on pages 277 to 281. In 

tordance with resolutions, letters of condolence and sympathy 
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have been forwarded to the widows and families of the deceased 
members : — 

Asquith, E. Manchester. 

Birtwistle, R. Haslingden. 

Cryer, T Manchester. 

Farmer, Sir J. - - - Salford. 
Nasmith, John - - Manchester. 

Bichardson, Wm. - Oldham. 

Taylor, James - - - Do. 

The following gentlemen have resigned their Membership in 
the Association during the past year — 

Hacking, T. Salford. 

Leigh, James - - - Manchester. 

The following gentlemen have ceased to be Members of the 
Association during the past year : — 



Carter, Claude - 


Birmingham. 


Crighton, R. - - 


Manchester. 


Crighton, J. 


Do. 


Duncan, D. S. - 


Warrington. 


Elliott, T. - 


Leeds. 


Longson, J. 


Glossop. 


McDonald, J. - 


Manchester. 


Millen, R. - 


Do. 


Perkins, S. 


Do. 


Sorabgee, S. 


Do. 


Wrightson, W. - 


Do. 


Williamson, E. - 


Sheffield. 



The following gentlemen have been added to the Membership 
Eoll during the year : — 

Honorary Members. 



Musgrave, W. M. 


Bolton. 


Adamson, Jos. - 


Hyde. 


Sample, W. S. - 


Patricroft. 


Saxon, G.- 


Openshaw. 


Parker, J. - 


Manchester. 


Gendall, W. H. S. - 


Bury. 


Gass, G. P., Jun. 


Bolton. 


Brown, B. 


Northwioh. 


Capes, H.- 


Do. 


Hall, J. - 


Bury. 


Sykes, E. - 


Huddersfield 


Kay, James 


Bury. 



870 
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Collier, C. H. - 


• 


• 


Salford. 


Ormerod, W. 


m 


• 


Manchester. 


Pickup, E. A. - 


- 


m 


Hyde. 


Gregory, R. 


- 


- 


Bolton. 


Goodman, J. - 


- 


- 


Leeds. 


Booth, W. 8. - 


- 


- 


Salford. 


Howarth, E. 


. 


« 


Holme. 


Wood, W. 


- 


- 


Openshaw. 


Harrison, J. 


. 


- 


West Gorton 


McClement, D. O. 


. 


- 


Manchester. 


Clarkson, James 


« 


- 


Openshaw. 


Widdowson, W. J. 


• 


w 


Manchester. 


Widdowson, A. J. 


« 


- 


Do. 


Blears, T. 


- 


w 


Do. 



' V>. X"N.^-V ^s.> 



From the following list it will be seen that the papers 
read daring the year have been on subjects of considerable 
importance, as may be gathered from the exceptionally large 
attendances of members at these meetings, and the interesting 
discussions which ensued : — 

PAPERS READ DURING THE YEAR. 

9th Jan.— Inaugural Address by the President, Mr. G. B. Goodfellow, 
M.I.Mech.E., Hyde. 

13th Feb.— On " The relative economy of the Triple Expansion, 

Compound and Simple Engines," by Mr. W. J. Jenkins, 
Assoc. M.T.C.E., of Manchester. 

27th Feb.— On " The Manufacture of Iron," by Mr. H. Webb, of Bury. 

12th Mar.— On " Supplementary Speed Governors," by Mr. J. 

Williams, of Manchester. 

26th Mar.— On " Dry-Air Refrigerating Machinery: its commercial 

value," by Mr. W. G. Quioke, of Manchester. 

9th April.— On " Paper Making Process and Machinery," by Mr. J. 
B. Bennett, M.I.O.E., of Edinburgh. Communicated by 
Mr. A. Bea, of Manchester. 

22nd Oct.— On " Comparison of Friction in Cotton Mill Engines 

and Gearing to the actual work done," by Mr. 

Alfred Saxon, of Manchester. 

12th Nov.— On "The Economic Possibilities of the Generation of 

Electro-Motive Force in the Coal Fields and its 
application to industrial centres," by Mr. B. H. 
Thwaite, of London. 

S6th Not. — Discussion on ditto. 
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at the present time, especially in connection with their able- 
bodied paupers, who had never done a day's work in their life, 
and never intended to do if they could help it. These able- 
bodied vagabonds ought to be placed under the care of the 
Watch Committee, and then perhaps it would be possible to 
bestow the care a Christian people might be expected to bestow 
on those who were poor because of infirmity and old age. 
Speaking more distinctly as to the work of our municipal 
institutions, Alderman Bailey said the Manchester Corporation 
were taking steps for the lighting of the city by electric light, 
and he believed that Salford would do so shortly. There was a 
great scope for municipal work. There was no limit to what 
might be done for the burgesses. Old England at present could 
boast of a system of automatic republics where the burgesses 
govern themselves. No country, ancient or modern, could 
show a greater amount of liberty than was enjoyed in our English 
towns. There was one painful thing, however, and that was in 
the matter of the election of the aldermen. Some dangerous 
people said they should be elected by the burgesses. (Laughter.) 
The people who said that would want to do away with the 
House of Lords next, and then what would become of Old 
England ? (Laughter.) We should be careful what we did, for 
among the great bulwarks of this happy England of ours might 
be considered the aldermanic bench. (Bene wed laughter.) 
If they wanted to measure the civilization of any man they 
should see the way in which he treated an English alderman, 
and the dangerous doctrine to have the alderman elected by the 
people should be suppressed, (Laughter.) He was sorry to see 
that Salford did not get the credit due to her. She was well to 
the fore in the matter of municipal institutions, and was the first 
to call attention to the subject of gas frauds. (Hear, hear.) 

Mr. J. W. Sidebottom, in proposing " Prosperity to the 
Association," said under any circumstances it would be a 
pleasure to propose such a toast, but the pleasure was consider- 
ably enhanced because of the fact that their president was a 
gentleman connected, like himself, with Hyde, a gentleman 
with whom and with whose work he had been acquainted for 
many years, and who was known throughout the district not 
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Mr. W. M. Musoravk (Bolton), in responding, said he thought 
the educational system was going to assist engineering greatly. 
For a long time there had been great difficulty in getting young 
men to study engineering, for wages in that occupation were not 
so good to begin with as in other businesses. 

"The Health of the Chairman," was proposed by Mr. S. 
Dixon, and acknowledged by the President. 

Some enjoyable musical selections were given by Messrs. 
Greenwood, Blacow, Griffiths, and Maltby, and Mr. Greenwood 
also contributed a humorous sketch entitled " A Trip to the Isle 
of Man." 

LIBRARY. 

The Council are pleased to report that the Library continues 
to fill a very important place in the Proceedings of the Associa- 
tion. The following new books have been purchased : — 



Title of Book. 


Author's Name 


Atlantic Ferry, The. 


Maginnis. 


Applied Mechanics. 


Lanza. 


Dynamos. 


Bottone. 


Dynamometers. 


Flather. 


Electric Railway in Theory. 


Crosby. 


Electric Railway. 


Hering. 


Electricity, Handbook of. 




Engineering Chemistry. 


Phillips. 


Ironfounder. 


Bolland. 


Factories and Workshops, Our. 


Thwaite. 


Milling Machinery. 


Hasluck. 


Roll-Turning. 


Spencer. 


Triple-Expansion Engines. 


Leask. 


Steam Boilers. 


Monro. 



The Council have pleasure in acknowledging the following 
donations, and in expressing their thanks to the donors for the 
valuable and acceptable additions they have thereby made to 
the Library : — 

Visit of the Iron and Steel Institute to America. By H. Webb. Presented 

by the Author. 
Students' Cotton Spinning. By J. Nasmith. Presented by the Author. 
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The Association Exchange Transactions with the following : — 
American Institute of Mining Engineers. 

„ Mechanical Engineers. 

Canadian Society of Civil Engineers. 
Canadian Institute, Toronto. 
Civil and Mechanical Engineers' Society. 
Engine, Boiler, and Employers' Liability Insurance Company. 
Franklin Institute, America. 
Institution of Civil Engineers of England. 

„ Engineers and Shipbuilders in Scotland. 

,, Mechanical Engineers. 

,, Civil Engineers of Ireland. 

Iron and Steel Institute. 
Liverpool Geological Society. 

„ Engineering Society. 
Manchester Geological Society. 

„ Steam Users' Association. 

,, Statistical Society. 

„ Literary and Philosophical Society. 

Midland Institute of Mining, Civil, and Mechanical Engineers. 
Mining Association and Institute of Cornwall. 
Mining Institute of Scotland. 
National Boiler Insurance Co. 

North of England Institute of Mining and Mechanical Engineers. 
North-East Coast of Engineers and Shipbuilders. 
Philosophical Society of Glasgow. 
Royal Scottish Society of Arts. 
Society of Arts. 

South Wales Institute of Engineers. 
Society of Engineers. 

The following Publications are received periodically :— 
Colliery Guardian. 
Electrical Review. 
Engineer. 
Engineering. 
Industries. 
Iron. 

Iron and Steel Trades' Review. 
Marine Engineer. 
Mechanical World. 
With the view of increasing the Library, the Council respect- 
fully invite the members to make donations of books, original 
pamphlets, drawings, &c. To enhance its value, the Counoil 
are always willing to receive suggestions for suitable ftdditjopf 
to the Library, entries of which may be made in the " Bm 
mendation Book." 
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OPENING OP DISCUSSION SESSION. 

The 87th Discussion Session was opened on Saturday, October 
8th, by a Social Meeting at the Grand Hotel, about 80 members 
being present. In the unavoidabh absence of the President, 
the chair was occupied by Mr. T. Ashbury (Past-President), 
who during the interval in the musical programme, drew 
attention to the subjects for the session. 

The following gentlemen contributed to the musical pro- 
grame : — Messrs. W. Cooper, J. P. Cooper, H. Glynn, R. 
M'Clean, A. F. Burgess, W. Spary, and S. Boswell, to whom 
a vote of thanks was cordially passed for their services. 



SAIL ON THE WEAVER AND MANCHESTER 

SHIP CANALS. 

With the object of affording the members an opportunity of 
inspecting the completed portion of the Manchester Ship Canal, 
the Council specially chartered a steamer to convey them 
from North wich to Eastham and Liverpool, on Saturday, July 
2nd. The party, numbering about 280 ladies and gentlemen, 
left the Central Station at 10-23 a.m. by special train for 
Northwich, and on arrival proceeded to the " Crown and 
Anchor" Wharf, from which place two steamers conveyed the 
party as far as Weaver's Pool. On reaching the latter place 
they all got on board the " Manx Fairy," which then steamed 
for Eastham and Liverpool, arriving at the landing stage about 
5-80 p.m., when the official programme terminated. 



In concluding their review of the work of the past year, the 
Council desire especially to express their cordial thanks to 
those members who have read papers or contributed to the 
discussions. It is to such gentlemen that the Association is 
largely indebted for its present position and influence. Its 
future career and usefulness, however, is in the keeping of each 
and every member. Let each come forward to assist, and the 
Association will undoubtedly become a power and success beyond 
the most sanguine anticipations of its promoters. 
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successful in the Science and Art, and City Guilds examinations, Mr. Cryer 
eventually adopted teaching as a profession, and at the time of his death 
was lecturer in Mechanical Engineering at the Manchester Technical School. 
He published, in conjunction with his friend, Mr. H. G. Jordan, several 
text books in Mechanical engineering, which, judging from their enormous 
circulation, were admirably adapted for the purposes intended. 

He joined the Association as an Ordinary Member in December, 1885, 
and in 1888 he was elected a member of the Special Technical Educational 
Committee, the result of whose deliberations was the pamphlet published 
by the Association entitled "The Technical Education of Engineers," 
issued the same year to the members. After a painful illness, extending 
over a period of nine months, Mr. Cryer died on March 2nd, 1892, leaving 
a widow and seven children. 

Mr. Cryer was of an exceptionally engaging disposition, and by his 
death the Association has lost a valuable member and his acquaintances a 
friend whose place will not readily be filled. 



Sib James Farmer was a life-long resident in the borough of Salford, and 
was the founder of the firm of James Farmer and Sons, engineers and 
millwrights, Adelphi Street, which business has been conducted during the 
later years of Sir James's life by his sons, Mr. Andrew W. Farmer, and Mr. 
James S. Farmer. The leading manufactures of the firm are bleaching and 
cotton spinning and weaving machinery, but in recent years they have 
largely developed a new department in the production of machinery and 
apparatus for sewerage utilisation and disposal. Although always of quiet 
and unostentatious disposition, Sir James was induced to enter the Cor- 
poration of Salford so far back as 1864, and continued a member until his 
decease. From the first of his connection with the Salford Corporation he 
began to take great interest in the water supply of the borough, his 
engineering training giving him special knowledge on the subject. In 
November, 1864, immediately after his election, he was placed on the Water 
Committee, and two years later he was elected chairman of the committee, 
which important position he continued to occupy during the whole period 
of his membership of the Council. Sir James also took an active part in 
connection with the fire brigade of the borough, to whose efficient equipment 
he paid great attention. For many years he was chairman of the Fire 
Brigade Sub-Committee. After serving as a councillor for 16 years, he was 
raised to the dignity of an alderman in November, 1880, and was assigned 
to Regent Ward. He succeeded Alderman Makinson as Mayor of the borough 
in November, 1885, and held that office for two years During the term of 
his second Mayoralty the Jubilee of Queen Victoria's reign was celebrated, and 
in the loyal borough of Salford the event was made the occasion of extensive 
rejoicings, in which the Mayor took the lead. As Salford is one of the 
largest boroughs in the kingdom, notwithstanding that it is overshadowed 
by its immense neighbour, it received due recognition in the distribution 
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